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ANTI-CD70 CHIMERIC ANTIGEN
RECEPTORS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This patent application claims the benefit of U.S.
Provisional Patent Application No. 62/088,882, filed Dec. 8,
2014, which is incorporated by reference in its entirety
herein.

INCORPORATION-BY-REFERENCE OF
MATERIAL SUBMITTED ELECTRONICALLY

[0002] Incorporated by reference in its entirety herein is a
computer-readable nucleotide/amino acid sequence listing
submitted concurrently herewith and identified as follows:
one 55,121 Byte ASCII (Text) file named “719062ST25.
TXT,” dated Dec. 3, 2014.

BACKGROUND OF THE INVENTION

[0003] Cancer is a public health concern. Despite
advances in treatments such as chemotherapy, the prognosis
for many cancers, including renal cell carcinoma (RCC),
glioblastoma, non-Hodgkin’s lymphoma (NHL), chronic
lymphocytic leukemia (CLL), diffuse large-B-cell lym-
phoma, and follicular lymphoma, may be poor. Accordingly,
there exists an unmet need for additional treatments for
cancer, particularly RCC, glioblastoma, NHL, CLL, diffuse
large-B-cell lymphoma, and follicular lymphoma.

BRIEF SUMMARY OF THE INVENTION

[0004] An embodiment of the invention provides a chi-
meric antigen receptor (CAR) having antigenic specificity
for CD70, the CAR comprising: an antigen binding-trans-
membrane domain comprising a CD27 amino acid sequence
lacking all or a portion of the CD27 intracellular T cell
signaling domain, wherein the portion is at least amino acid
residues 237 to 260 as defined by SEQ ID NO: 2; a 4-1BB
intracellular T cell signaling domain; a CD3C (intracellular
T cell signaling domain; and optionally, a CD28 intracellular
T cell signaling domain.

[0005] Another embodiment of the invention provides a
CAR having antigenic specificity for CD70 comprising an
amino acid sequence at least about 90% identical to any one
of SEQ ID NOs: 11-13.

[0006] Further embodiments of the invention provide
related nucleic acids, recombinant expression vectors, host
cells, populations of cells, and pharmaceutical compositions
relating to the CARs of the invention.

[0007] Additional embodiments of the invention provide
methods of detecting the presence of cancer in a mammal
and methods of treating or preventing cancer in a mammal.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING(S)

[0008] FIGS. 1A and 1B are graphs showing the tumor
size (mm?) of B16/mCD70-(A) or B16-(B) tumor bearing
mice over a period of time (days) following administration
of mCD27-CD3¢ CAR-transduced cells (closed circles),
untransduced cells (open circles), phosphate buffered saline
(PBS) (x), or pmel+VI (squares) and irradiation (500 Rads).
[0009] FIGS. 1C and 1D are graphs showing the tumor
size (mm?) of B16/mCD70-tumor bearing mice over a
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period of time (days) following administration of mCD27-
CD3Z CAR-transduced cells at a dose of 1-10* (¥), 1x10°
(closed squares), 1x10° (A), or 1x107 (closed circles) cells
per mouse; PBS (open squares); cells transduced with an
empty vector (open circles); or pmel+VI (diamonds) with
(C) or without (D) irradiation (500 Rads).

[0010] FIG. 1E is a graph showing the survival (%) of
B16/mCD70-tumor bearing mice over a period of time
(days) following administration of mCD27-CD3¢ CAR-
transduced cells at a dose of 1x10* (diamonds), 1x10° (¥),
1x10° (A), or 1x107 (closed circles) cells per mouse; PBS
(open squares); cells transduced with an empty vector (open
circles); or pmel+VI (A), followed by irradiation (500 Rads).

[0011] FIG. 1F is a graph showing the tumor size (mm?)
of B16/mCD70-tumor bearing mice over a period of time
(days) following administration of mCD27-CD3¢ CAR-
transduced cells (squares), untransduced cells (A), cells
transduced with an empty vector (V), or pmel+VI (circles),
followed by irradiation and administration of I1.-2.

[0012] FIGS. 2A-2D are graphs showing the average
weight (g) of B16/mCD70-(A and B) or B16-(C and D)
tumor bearing mice over a period of time (days) following
administration of mCD27-CD3{ CAR-transduced cells
(closed circles), untransduced cells (open squares), phos-
phate buffered saline (PBS) (V), or pmel+VI (A) with (A and
C) or without (B and D) irradiation (500 Rads).

[0013] FIGS. 2E-2H are graphs showing the absolute
white blood cell count (K/ul ) (E and F) or splenocyte count
(x107 per spleen) (G and H) of B16/mCD70-tumor bearing
mice over a period of time (days) following administration
of mCD27-CD3C CAR-transduced cells (cross-hatched
bars), untransduced cells (unshaded bars), or cells trans-
duced with a vector encoding green fluorescent protein
(GFP) (diagonally striped bars) with (E and G) or without (F
and H) irradiation (500 Rads).

[0014] FIG. 21 is a graph showing serum interferon (IFN)
gamma (pg/ml) levels of B16/mCD70-tumor bearing mice
over a period of time (days) following administration of
mCD27-CD3¢ CAR-transduced cells with (black bars) or
without (horizontally striped bars) irradiation or cells trans-
duced with a vector encoding GFP with (checkered bars) or
without (unshaded bars) irradiation (500 Rads).

[0015] FIG. 3 is a graph showing IFN-y (pg/ml) secreted
upon culture of human T cells transduced with an empty
retroviral vector (control) (MSGV1) or one of {CD27-CD3¢
(SEQ ID NO: 7), ACD27-CD28-CD3¢ ((SEQ ID NO: ),
ACD27-4-1BB-CD3C ((SEQ ID NO: 9), ACD27-CD28-4-
1BB-CD3C ((SEQ ID NO: 10), fCD27-CD28-CD3¢ (SEQ
ID NO: 11), fCD27-4-1BB-CD3¢ (SEQ ID NO: 12), or
fCD27-CD28-4-1BB-CD3¢C (SEQ ID NO: 13) alone (me-
dium) (vertically striped bars) or upon co-culture with
control target cells 624 mel (checkered bars), 624/CD70
(black bars), 938 mel (dotted bars), or 938/CD70 (white
bars) or RCC target cells RCC 2245R (forward slashed
bars), RCC 2246R (backslashed bars), RCC 2361R (boxed
bars), or RCC 1764 (herringbone bars).

[0016] FIG. 4 is a graph showing IFN-y (pg/ml) secreted
upon culture of untransduced (UT) cells or retroviral pack-
aging clone A2, A10, B3, C1, E3, or G2 transduced with
ACD27-4-1BB-CD3C ((SEQ ID NO: 9) alone (medium,
vertically striped bars) or upon co-culture with control target
cells SNU1079 (dotted bars), SNU1196 (white bars), 938
mel (checkered bars), or 938/CD70 (black bars) or RCC
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target cells RCC 2245R (forward slashed bars), RCC 2246R
(backslashed bars), RCC 2361R (boxed bars), or RCC 1764
(herringbone bars).

[0017] FIG. 5 is a graph showing IFN-y (pg/ml) secreted
upon culture of untransduced (UT) cells or retroviral pack-
aging clone A2, B11, C5, or D2 transduced with ACD27-
4-1BB-CD3C (SEQ ID NO: 9) alone (medium, vertically
striped bars) or upon co-culture with control target cells
SNU1079 (dotted bars), SNU1196 (white bars), 938 mel
(checkered bars), or 938/CD70 (black bars) or RCC target
cells RCC 2245R (forward slashed bars), RCC 2246R
(backslashed bars), RCC 2361R (boxed bars), or RCC 1764
(herringbone bars).

DETAILED DESCRIPTION OF THE
INVENTION

[0018] An embodiment of the invention provides a chi-
meric antigen receptor (CAR) having antigenic specificity
for CD70, the CAR comprising: an antigen binding-trans-
membrane domain comprising a CD27 amino acid sequence
lacking all or a portion of the CD27 intracellular T cell
signaling domain, wherein the portion is at least amino acid
residues 237 to 260 as defined by SEQ ID NO: 2; a 4-1BB
intracellular T cell signaling domain; a CD3C (intracellular
T cell signaling domain; and optionally, a CD28 intracellular
T cell signaling domain. Hereinafter, references to a “CAR”
also refer to functional portions and functional variants of
the CAR, unless specified otherwise.

[0019] A CAR is an artificially constructed hybrid protein
or polypeptide containing the antigen binding domains of a
receptor (e.g., a tumor necrosis factor (TNF) receptor) linked
to T-cell signaling domains. Characteristics of CARs include
their ability to redirect T-cell specificity and reactivity
toward a selected target in a non-major histocompatibility
complex (MHC)-restricted manner, exploiting the antigen-
binding properties of receptors. The non-MHC-restricted
antigen recognition gives T cells expressing CARs the
ability to recognize antigen independent of antigen process-
ing, thus bypassing a major mechanism of tumor escape.
Moreover, when expressed in T-cells, CARs advantageously
do not dimerize with endogenous T cell receptor (TCR)
alpha and beta chains.

[0020] The phrases “have antigen(ic) specificity” and
“elicit antigen-specific response,” as used herein, means that
the CAR can specifically bind to and immunologically
recognize an antigen, such that binding of the CAR to the
antigen elicits an immune response.

[0021] The CARs of the invention have antigen specificity
for CD70. CD70 belongs to the TNF superfamily and has the
amino acid sequence of SEQ ID NO: 1 CD70 is a co-
stimulatory molecule that is involved in the proliferation and
survival of lymphoid-derived cells when it interacts with its
receptor, CD27. Normal, non-cancerous expression of CD70
is restricted to lymphoid tissues such as activated T cells, B
cells, natural killer (NK) cells, monocytes, and dendritic
cells. CD70 is expressed in a variety of human cancers such
as, for example, RCC (Diegmann et al., Eur. J. Cancer, 41:
1794-801 (2005)) (for example, clear cell RCC (ccRCC)),
glioblastoma (Held-Feindt et al., Int. J. Cancer, 98: 352-56
(2002); Wischhusen et al., Cancer Res., 62: 2592-99
(2002)), NHL and CLL (Lens et al., Br. J. Haematol., 106:
491-503 (1999)), diffuse large-B-cell lymphoma, and folli-
cular lymphoma.
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[0022] Without being bound to a particular theory or
mechanism, it is believed that by eliciting an antigen-
specific response against CD70, the inventive CARs provide
for one or more of any of the following: targeting and
destroying CD70-expressing cancer cells, reducing or elimi-
nating cancer cells, facilitating infiltration of immune cells
to tumor site(s), and enhancing/extending anti-cancer
responses. Because normal CD70 expression is limited to
lymphoid tissues such as activated T cells, B cells, NK cells,
monocytes, and dendritic cells, it is contemplated that the
inventive CARs advantageously substantially avoid target-
ing/destroying many normal tissues.

[0023] An embodiment of the invention provides a CAR
comprising an antigen binding-transmembrane domain com-
prising a CD27 amino acid sequence. In this regard, the
CAR may comprise both a CD27 antigen binding domain
and a CD27 transmembrane domain. The CD27 may com-
prise or consist of any suitable human antigen binding-
transmembrane domain CD27 amino acid sequence. In an
embodiment of the invention, full-length CD27, including
the antigen binding domain, the transmembrane domain, and
the intracellular T cell signaling domain, has the amino acid
sequence of SEQ ID NO: 2. In an embodiment of the
invention, the antigen binding domain of CD27 is composed
of amino acid residues 1-188 of SEQ ID NO: 2 and has the
amino acid sequence of SEQ ID NO: 21, the transmembrane
domain of CD27 is composed of amino acid residues
189-211 of SEQ ID NO: 2 and has the amino acid sequence
of SEQ ID NO: 22, and the intracellular T cell signaling
domain of CD27 is composed of amino acid residues
212-260 of SEQ ID NO: 2 and has the amino acid sequence
of SEQ ID NO: 23. Accordingly, in an embodiment of the
invention, the CAR comprises an antigen binding-trans-
membrane domain comprising the amino acid sequences of
SEQ ID NOs: 21 and 22. The antigen binding domain of
CD27 specifically binds to CD70.

[0024] An embodiment of the invention provides a CAR
comprising an antigen binding-transmembrane domain com-
prising a CD27 amino acid sequence lacking all or a portion
of the CD27 intracellular T cell signaling domain, wherein
the portion that is lacking from the CAR is at least contigu-
ous amino acid residues 237 to 260, at least contiguous
amino acid residues 236 to 260, at least contiguous amino
acid residues 235 to 260, at least contiguous amino acid
residues 234 to 260, at least contiguous amino acid residues
233 to 260, at least contiguous amino acid residues 232 to
260, at least contiguous amino acid residues 231 to 260, at
least contiguous amino acid residues 230 to 260, at least
contiguous amino acid residues 229 to 260, at least contigu-
ous amino acid residues 228 to 260, at least contiguous
amino acid residues 227 to 260, at least contiguous amino
acid residues 226 to 260, at least contiguous amino acid
residues 225 to 260, at least contiguous amino acid residues
224 to 260, at least contiguous amino acid residues 223 to
260, at least contiguous amino acid residues 222 to 260, at
least contiguous amino acid residues 221 to 260, at least
contiguous amino acid residues 220 to 260, at least contigu-
ous amino acid residues 219 to 260, at least contiguous
amino acid residues 218 to 260, at least contiguous amino
acid residues 217 to 260, at least contiguous amino acid
residues 216 to 260, at least contiguous amino acid residues
215 to 260, at least contiguous amino acid residues 214 to
260, or at least contiguous amino acid residues 213 to 260,
as defined by SEQ ID NO: 2. In an embodiment of the
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invention, the antigen binding-transmembrane domain com-
prises a CD27 amino acid sequence lacking contiguous
amino acid residues 237 to 260, contiguous amino acid
residues 236 to 260, contiguous amino acid residues 235 to
260, contigunous amino acid residues 234 to 260, contiguous
amino acid residues 233 to 260, contiguous amino acid
residues 232 to 260, contiguous amino acid residues 231 to
260, contigunous amino acid residues 230 to 260, contiguous
amino acid residues 229 to 260, contiguous amino acid
residues 228 to 260, contiguous amino acid residues 227 to
260, contigunous amino acid residues 226 to 260, contiguous
amino acid residues 225 to 260, contiguous amino acid
residues 224 to 260, contiguous amino acid residues 223 to
260, contigunous amino acid residues 222 to 260, contiguous
amino acid residues 221 to 260, contiguous amino acid
residues 220 to 260, contiguous amino acid residues 219 to
260, contigunous amino acid residues 218 to 260, contiguous
amino acid residues 217 to 260, contiguous amino acid
residues 216 to 260, contiguous amino acid residues 215 to
260, contigunous amino acid residues 214 to 260, or contigu-
ous amino acid residues 213 to 260, of SEQ ID NO: 2. A
CD27 amino acid sequence lacking all or a portion of the
CD27 intracellular T cell signaling domain is also referred
to herein as a “truncated CD27 amino acid sequence” or a
“truncated CD27.”

[0025] In a preferred embodiment, the antigen binding-
transmembrane domain comprises a CD27 amino acid
sequence lacking all of the CD27 intracellular T cell sig-
naling domain. In this regard, the antigen binding-trans-
membrane domain comprises a CD27 amino acid sequence
lacking contiguous amino acid residues 212 to 260 as
defined by SEQ ID NO: 2 or a CD27 amino acid sequence
lacking contiguous amino acid residues 212 to 260 of SEQ
ID NO: 2. In an embodiment of the invention, the antigen
binding-transmembrane domain comprises a CD27 amino
acid sequence lacking the amino acid sequence of SEQ ID
NO: 23. In an embodiment of the invention, the antigen
binding-transmembrane domain that comprises a CD27
amino acid sequence lacking all of the CD27 intracellular T
cell signaling domain comprises or consists of an amino acid
sequence at least about 90%, about 91%, about 92%, about
93%, about 94%, about 95%, about 96%, about 97%, about
98%, or about 99% identical to SEQ ID NO: 3 or which
comprises or consists of the amino acid sequence of SEQ ID
NO: 3.

[0026] The CAR may further comprise a 4-1BB intracel-
lular T cell signaling domain; a CD3 zeta (C) intracellular T
cell signaling domain; and optionally, a CD28 intracellular
T cell signaling domain. In an embodiment of the invention,
the CAR comprises comprising a 4-1BB intracellular T cell
signaling domain, a CD3C intracellular T cell signaling
domain, and a CD28 intracellular T cell signaling domain. In
another embodiment of the invention, the CAR comprises a
4-1BB intracellular T cell signaling domain and a CD3¢
(intracellular T cell signaling domain. In a preferred embodi-
ment, the 4-1BB, CD3¢, and CD28 intracellular T cell
signaling domains are human. CD28 is a T cell marker
important in T cell co-stimulation. 4-1BB, also known as
CD137, transmits a potent costimulatory signal to T cells,
promoting differentiation and enhancing long-term survival
of T lymphocytes. CD3C associates with TCRs to produce a
signal and contains immunoreceptor tyrosine-based activa-
tion motifs (ITAMs).
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[0027] The CD3C intracellular T cell signaling domain
may comprise or consist of any suitable human CD3g
intracellular T cell signaling domain amino acid sequence.
In an embodiment of the invention, the CD3 intracellular T
cell signaling domain comprises or consists of an amino acid
sequence at least about 90%, about 91%, about 92%, about
93%, about 94%, about 95%, about 96%, about 97%, about
98%, or about 99% identical to SEQ ID NO: 4. Preferably,
the CD3C (intracellular T cell signaling domain comprises or
consists of the amino acid sequence of SEQ ID NO: 4.
[0028] The 4-1BB intracellular T cell signaling domain
may comprise or consist of any suitable human 4-1BB
intracellular T cell signaling domain amino acid sequence.
In an embodiment of the invention, the 4-1BB intracellular
T cell signaling domain comprises or consists of an amino
acid sequence at least about 90%, about 91%, about 92%,
about 93%, about 94%, about 95%, about 96%, about 97%,
about 98%, or about 99% identical to SEQ ID NO: 5.
Preferably, the 4-1BB intracellular T cell signaling domain
comprises or consists of the amino acid sequence of SEQ ID
NO: 5.

[0029] The CD28 intracellular T cell signaling domain
may comprise or consist of any suitable human CD28
intracellular T cell signaling domain amino acid sequence.
In an embodiment of the invention, the CD28 intracellular T
cell signaling domain comprises or consists of an amino acid
sequence at least about 90%, about 91%, about 92%, about
93%, about 94%, about 95%, about 96%, about 97%, about
98%, or about 99% identical to SEQ ID NO: 6. Preferably,
the CD28 intracellular T cell signaling domain comprises or
consists of the amino acid sequence of SEQ ID NO: 6.
[0030] In an embodiment of the invention, the CAR com-
prises a full-length CD27 amino acid sequence, including a
CD27 antigen binding domain, a CD27 transmembrane
domain, and a CD27 intracellular T cell signaling domain, in
combination with a CD3C (intracellular T cell signaling
domain (full length ()CD27-CD3C CAR). In this regard, the
CAR may comprise or consist of a full-length CD27 amino
acid sequence at least about 90%, about 91%, about 92%,
about 93%, about 94%, about 95%, about 96%, about 97%,
about 98%, or about 99% identical to SEQ ID NO: 2 and any
of the CD3C amino acid sequences described herein with
respect to other aspects of the invention. For example, the
fCD27-CD3¢ CAR may comprise or consist of the full-
length CD27 amino acid sequence of SEQ ID NO: 2 and the
CD3C amino acid sequence of SEQ ID NO: 4. In an
embodiment of the invention, the f{CD27-CD3C (CAR may
comprise or consist of an amino acid sequence at least about
90%, about 91%, about 92%, about 93%, about 94%, about
95%, about 96%, about 97%, about 98%, or about 99%
identical to SEQ ID NO: 7. Preferably, the fCD27-CD3¢
(CAR comprises or consists of the amino acid sequence of
SEQ ID NO: 7. in an embodiment of the invention, the
fCD27-CD3C (CAR lacks one or both of truncated CD19
and DsRed.

[0031] In an embodiment of the invention, the CAR com-
prises a full-length CD27 amino acid sequence, including a
CD27 antigen binding domain, a CD27 transmembrane
domain, and a CD27 intracellular T cell signaling domain, in
combination with a CD3( intracellular T cell signaling
domain and a CD28 intracellular T cell signaling domain
(fCD27-CD28-CD3g). In this regard, the CAR may com-
prise or consist of any of the full-length CD27 amino acid
sequences, any of the CD3( amino acid sequences, and any
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of the CD28 amino acid sequences described herein with
respect to other aspects of the invention. For example, the
fCD27-CD28-CD3L CAR may comprise or consist of the
full-length CD27 amino acid sequence of SEQ ID NO: 2, the
CD3C (amino acid sequence of SEQ ID NO: 4, and the
CD28 amino acid sequence of SEQ ID NO: 6. In an
embodiment of the invention, the fCD27-CD28-CD3{ CAR
may comprise or consist of an amino acid sequence at least
about 90%, about 91%, about 92%, about 93%, about 94%,
about 95%, about 96%, about 97%, about 98%, or about
99% identical to SEQ ID NO: 11. Preferably, the fCD27-
CD28-CD3C (CAR comprises or consists of the amino acid
sequence of SEQ ID NO: 11.

[0032] In an embodiment of the invention, the CAR com-
prises a full-length CD27 amino acid sequence, including a
CD27 antigen binding domain, a CD27 transmembrane
domain, and a CD27 intracellular T cell signaling domain, in
combination with a CD3( intracellular T cell signaling
domain and a 4-1BB intracellular T cell signaling domain
(fCD27-4-1BB-CD3L). In this regard, the CAR may com-
prise or consist of any of the full-length CD27 amino acid
sequences, any of the CD3C (amino acid sequences, and any
of the 4-1BB amino acid sequences described herein with
respect to other aspects of the invention. For example, the
fCD27-4-1BB-CD3L CAR may comprise or consist of the
full-length CD27 amino acid sequence of SEQ ID NO: 2, the
CD3C (amino acid sequence of SEQ ID NO: 4, and the
4-1BB amino acid sequence of SEQ ID NO: 5. In an
embodiment of the invention, the fCD27-4-1BB-CD3(
(CAR may comprise or consist of an amino acid sequence at
least about 90%, about 91%, about 92%, about 93%, about
94%, about 95%, about 96%, about 97%, about 98%, or
about 99% identical to SEQ ID NO: 12. Preferably, the
fCD27-4-1BB-CD3L (CAR comprises or consists of the
amino acid sequence of SEQ ID NO: 12.

[0033] In an embodiment of the invention, the CAR com-
prises a full-length CD27 amino acid sequence, including a
CD27 antigen binding domain, a CD27 transmembrane
domain, and a CD27 intracellular T cell signaling domain, in
combination with a CD3C (intracellular T cell signaling
domain, a 4-1BB intracellular T cell signaling domain, and
a CD28 intracellular signaling domain (fCD27-CD28-4-
1BB-CD30). In this regard, the CAR may comprise or
consist of any of the full-length CD27 amino acid sequences,
any of the CD3C amino acid sequences, any of the 4-1BB
amino acid sequences, and any of the CD28 amino acid
sequences described herein with respect to other aspects of
the invention. For example, the f{CD27-CD28-4-1BB-CD3¢
CAR may comprise or consist of the full-length CD27
amino acid sequence of SEQ ID NO: 2, the CD3¢ (amino
acid sequence of SEQ ID NO: 4, the 4-1BB amino acid
sequence of SEQ ID NO: 5, and the CD28 amino acid
sequence of SEQ ID NO: 6. In an embodiment of the
invention, the fCD27-CD28-4-1BB-CD3¢ CAR may com-
prise or consist of an amino acid sequence at least about
90%, about 91%, about 92%, about 93%, about 94%, about
95%, about 96%, about 97%, about 98%, or about 99%
identical to SEQ ID NO: 13. Preferably, the fCD27-CD28-
4-1BB-CD3Z CAR comprises or consists of the amino acid
sequence of SEQ ID NO: 13.

[0034] In an embodiment of the invention, the CAR com-
prises a full-length mouse CD27 amino acid sequence,
including a CD27 antigen binding domain, a CD27 trans-
membrane domain, and a CD27 intracellular T cell signaling
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domain, in combination with a mouse CD3 intracellular T
cell signaling domain (mCD27-CD3C). In this regard, the
CAR may comprise or consist of a full-length mouse CD27
amino acid sequence at least about 90%, about 91%, about
92%, about 93%, about 94%, about 95%, about 96%, about
97%, about 98%, or about 99% identical to SEQ ID NO: 26
in combination with a mouse CD3{ amino acid sequence at
least about 90%, about 91%, about 92%, about 93%, about
94%, about 95%, about 96%, about 97%, about 98%, or
about 99% identical to SEQ ID NO: 27. For example, the
mCD27-CD3¢ (CAR may comprise or consist of the full-
length mouse CD27 amino acid sequence of SEQ ID NO: 26
and the mouse CD3T (amino acid sequence of SEQ ID NO:
27. In an embodiment of the invention, the mCD27-CD3(
(CAR may comprise or consist of an amino acid sequence at
least about 90%, about 91%, about 92%, about 93%, about
94%, about 95%, about 96%, about 97%, about 98%, or
about 99% identical to SEQ ID NO: 25. Preferably, the
mCD27-CD3¢ CAR comprises or consists of the amino acid
sequence of SEQ ID NO: 25.

[0035] In an embodiment of the invention, the CAR com-
prises an antigen binding-transmembrane domain compris-
ing a truncated CD27 amino acid sequence which lacks all
of the CD27 intracellular T cell signaling domain, in com-
bination with a CD3C intracellular T cell signaling domain
and a CD28 intracellular T cell signaling domain (truncated
(A) CD27-CD28-CD3C). In this regard, the CAR may com-
prise or consist of a truncated CD27 antigen binding-
transmembrane domain amino acid sequence at least about
90%, about 91%, about 92%, about 93%, about 94%, about
95%, about 96%, about 97%, about 98%, or about 99%
identical to SEQ ID NO: 3 in combination with any of the
CD3C intracellular T cell signaling domain amino acid
sequences and any of the CD28 intracellular T cell signaling
domain amino acid sequences described herein with respect
to other aspects of the invention. For example, the ACD27-
CD28-CD3C (CAR may comprise or consist of the truncated
CD27 antigen binding-transmembrane domain amino acid
sequence of SEQ ID NO: 3, the CD3L amino acid sequence
of SEQ ID NO: 4, and the CD28 amino acid sequence of
SEQ ID NO: 6. In an embodiment of the invention, the
ACD27-CD28-CD3C (CAR may comprise or consist of an
amino acid sequence at least about 90%, about 91%, about
92%, about 93%, about 94%, about 95%, about 96%, about
97%, about 98%, or about 99% identical to SEQ ID NO: 8.
Preferably, the ACD27-CD28-CD3¢ CAR comprises or con-
sists of the amino acid sequence of SEQ ID NO: 8.

[0036] In an embodiment of the invention, the CAR com-
prises an antigen binding-transmembrane domain compris-
ing a truncated CD27 amino acid sequence which lacks all
of the CD27 intracellular T cell signaling domain, in com-
bination with a CD3C intracellular T cell signaling domain
and a 4-1BB intracellular T cell signaling domain (ACD27-
4-1BB-CD3(). In this regard, the CAR may comprise or
consist of any of the truncated CD27 antigen binding-
transmembrane domain amino acid sequences, any of the
CD3C intracellular T cell signaling domain amino acid
sequences, and any of the 4-1BB intracellular T cell signal-
ing domain amino acid sequences described herein with
respect to other aspects of the invention. For example, the
ACD27-4-1BB-CD3{ CAR may comprise or consist of the
truncated CD27 antigen binding-transmembrane domain
amino acid sequence of SEQ ID NO: 3, the CD3C (amino
acid sequence of SEQ ID NO: 4, and the 4-1BB amino acid
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sequence of SEQ ID NO: 5. In an embodiment of the
invention, the ACD27-4-1BB-CD3C (CAR may comprise or
consist of an amino acid sequence at least about 90%, about
91%, about 92%, about 93%, about 94%, about 95%, about
96%, about 97%, about 98%, or about 99% identical to SEQ
ID NO: 9. Preferably, the ACD27-4-1BB-CD3C CAR com-
prises or consists of the amino acid sequence of SEQ ID NO:
9.

[0037] In an embodiment of the invention, the CAR com-
prises an antigen binding-transmembrane domain compris-
ing a truncated CD27 amino acid sequence which lacks all
of the CD27 intracellular T cell signaling domain, in com-
bination with a CD3C intracellular T cell signaling domain,
a CD28 intracellular T cell signaling domain, and a 4-1BB
intracellular T cell signaling domain (ACD27-CD28-4-1BB-
CD30). In this regard, the CAR may comprise or consist of
any of the truncated CD27 antigen binding-13 transmem-
brane domain amino acid sequences, any of the CD3g
intracellular T cell signaling domain amino acid sequences,
any of the CD28 intracellular T cell signaling domain amino
acid sequences, and any of the 4-1BB intracellular T cell
signaling domain amino acid sequences described herein
with respect to other aspects of the invention. For example,
the ACD27-CD28-4-1BB-CD3{ (CAR may comprise or
consist of the truncated CD27 antigen binding-transmem-
brane domain amino acid sequence of SEQ ID NO: 3, the
CD3¢ amino acid sequence of SEQ ID NO: 4, the CD28
amino acid sequence of SEQ ID NO: 6, and the 4-1BB
amino acid sequence of SEQ ID NO: 5. In an embodiment
of the invention, the ACD27-CD28-4-1BB-CD3C (CAR
may comprise or consist of an amino acid sequence at least
about 90%, about 91%, about 92%, about 93%, about 94%,
about 95%, about 96%, about 97%, about 98%, or about
99% identical to SEQ ID NO: 10. Preferably, the ACD27-
CD28-4-1BB-CD3C (CAR comprises or consists of the
amino acid sequence of SEQ ID NO: 10.

[0038] In an embodiment of the invention, the CAR com-
prises an amino acid sequence at least about 90% identical
to any one of SEQ ID NOs: 8-10. In an embodiment of the
invention, the CAR comprises an amino acid sequence at
least about 90% identical to SEQ ID NO: 9 or 10. In another
embodiment of the invention, the CAR comprises an amino
acid sequence at least about 90% identical to any one of SEQ
ID NOs: 11-13. In another embodiment of the invention, the
CAR comprises an amino acid sequence at least about 90%
identical to SEQ ID NO: 12 or 13. Preferably, the CAR
comprises, consists of, or consists essentially of any one of
the amino acid sequences set forth in Table 1A. In a
preferred embodiment of the invention, the CAR comprises
the amino acid sequence of any one of SEQ ID NOs: 7-13.
Preferably, the CAR comprises the amino acid sequence of
any one of SEQ ID NO: 9, 10, 12, and 13.

TABLE 1A
Antigen binding
and
Transmembrane  Intracellular T Cell
CAR Domain Signaling Domain

full length (f) CD27-CD3T (SEQ full length human CD27 and

ID NO: 7) human CD27 human CD3¢
truncated (A) CD27-CD28- truncated human CD28 and
CD3% (SEQ ID NO: 8) human CD27 human CD3t,
ACD27-4-1BB-CD3¢ (SEQ ID  truncated human 4-1BB and
NO: 9) human CD27 human CD3¢
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TABLE 1A-continued

Antigen binding

and
Transmembrane  Intracellular T Cell
CAR Domain Signaling Domain
ACD27-CD28-4-1BB-CD3¢, truncated human 4-1BB
(SEQ ID NO: 10) human CD27 human CD28 and
human CD3%
fCD27-CD28-CD3T (SEQ ID full-length human CD27
NO: 11) human CD27 human CD28 and
human CD3%
fCD27-4-1BB-CD3T (SEQ ID full-length human CD27
NO: 12) human CD27 human 4-1BB and
human CD3%
fCD27-CD28-4-1BB-CD3% full-length human CD27
(SEQ ID NO: 13) human CD27 human 4-1BB
human CD28 and
human CD3%
mCD27-CD3% (SEQ ID NO: 25) full length mouse CD3T

mouse CD27

[0039] Included in the scope of the invention are func-
tional portions of the inventive CARs described herein. The
term “functional portion” when used in reference to a CAR
refers to any part or fragment of the CAR of the invention,
which part or fragment retains the biological activity of the
CAR of which it is a part (the parent CAR). Functional
portions encompass, for example, those parts of a CAR that
retain the ability to recognize target cells, or detect, treat, or
prevent cancer, to a similar extent, the same extent, or to a
higher extent, as the parent CAR. In reference to the parent
CAR, the functional portion can comprise, for instance,
about 10%, about 25%, about 30%, about 50%, about 68%,
about 80%, about 90%, about 95%, or more, of the parent
CAR.

[0040] The functional portion can comprise additional
amino acids at the amino or carboxy terminus of the portion,
or at both termini, which additional amino acids are not
found in the amino acid sequence of the parent CAR.
Desirably, the additional amino acids do not interfere with
the biological function of the functional portion, e.g., rec-
ognize target cells, detect cancer, treat or prevent cancer, etc.
More desirably, the additional amino acids enhance the
biological activity, as compared to the biological activity of
the parent CAR.

[0041] Included in the scope of the invention are func-
tional variants of the inventive CARs described herein. The
term “functional variant” as used herein refers to a CAR,
polypeptide, or protein having substantial or significant
sequence identity or similarity to a parent CAR, which
functional variant retains the biological activity of the CAR
of which it is a variant. Functional variants encompass, for
example, those variants of the CAR described herein (the
parent CAR) that retain the ability to recognize target cells
to a similar extent, the same extent, or to a higher extent, as
the parent CAR. In reference to the parent CAR, the func-
tional variant can, for instance, be at least about 30%, about
50%, about 75%, about 80%, about 90%, about 91%, about
92%, about 93%, about 94%, about 95%, about 96%, about
97%, about 98%, about 99% or more identical in amino acid
sequence to the parent CAR.

[0042] A functional variant can, for example, comprise the
amino acid sequence of the parent CAR with at least one
conservative amino acid substitution. Alternatively or addi-
tionally, the functional variants can comprise the amino acid
sequence of the parent CAR with at least one non-conser-
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vative amino acid substitution. In this case, it is preferable
for the non-conservative amino acid substitution to not
interfere with or inhibit the biological activity of the func-
tional variant. The non-conservative amino acid substitution
may enhance the biological activity of the functional variant,
such that the biological activity of the functional variant is
increased as compared to the parent CAR.

[0043] Amino acid substitutions of the inventive CARs
are preferably conservative amino acid substitutions. Con-
servative amino acid substitutions are known in the art, and
include amino acid substitutions in which one amino acid
having certain physical and/or chemical properties is
exchanged for another amino acid that has the same or
similar chemical or physical properties. For instance, the
conservative amino acid substitution can be an acidic/
negatively charged polar amino acid substituted for another
acidic/negatively charged polar amino acid (e.g., Asp or
Glu), an amino acid with a nonpolar side chain substituted
for another amino acid with a nonpolar side chain (e.g., Ala,
Gly, Val, Ile, Leu, Met, Phe, Pro, Trp, Cys, Val, etc.), a
basic/positively charged polar amino acid substituted for
another basic/positively charged polar amino acid (e.g. Lys,
His, Arg, etc.), an uncharged amino acid with a polar side
chain substituted for another uncharged amino acid with a
polar side chain (e.g., Asn, Gln, Ser, Thr, Tyr, etc.), an amino
acid with a beta-branched side-chain substituted for another
amino acid with a beta-branched side-chain (e.g., Ile, Thr,
and Val), an amino acid with an aromatic side-chain substi-
tuted for another amino acid with an aromatic side chain
(e.g., His, Phe, Trp, and Tyr), etc.

[0044] The CAR can consist essentially of the specified
amino acid sequence or sequences described herein, such
that other components, e.g., other amino acids, do not
materially change the biological activity of the functional
variant.

[0045] The CARs of embodiments of the invention can be
of any length, i.e., can comprise any number of amino acids,
provided that the CARs retain their biological activity, e.g.,
the ability to specifically bind to antigen, detect cancer cells
in a mammal, or treat or prevent cancer in a mammal, etc.
For example, the CAR can be about 50 to about 5000 amino
acids long, such as 50, 70, 75, 100, 125, 150, 175, 200, 300,
400, 500, 600, 700, 800, 900, 1000 or more amino acids in
length.

[0046] The CARs of embodiments of the invention can
comprise synthetic amino acids in place of one or more
naturally-occurring amino acids. Such synthetic amino acids
are known in the art, and include, for example, aminocy-
clohexane carboxylic acid, norleucine, a.-amino n-decanoic
acid, homoserine, S-acetylaminomethyl-cysteine, trans-3-
and trans-4-hydroxyproline, 4-aminophenylalanine, 4-nitro-
phenylalanine, 4-chlorophenylalanine, 4-carboxyphenylala-
nine, f-phenylserine p-hydroxyphenylalanine, phenylgly-
cine, a-naphthylalanine, cyclohexylalanine,
cyclohexylglycine, indoline-2-carboxylic acid, 1,2,3,4-tetra-
hydroisoquinoline-3-carboxylic acid, aminomalonic acid,
aminomalonic acid monoamide, N'-benzyl-N'-methyl-ly-
sine, N',N'-dibenzyl-lysine, 6-hydroxylysine, ornithine,
a-aminocyclopentane carboxylic acid, a-aminocyclohexane
carboxylic acid, a-aminocycloheptane carboxylic acid,
a-(2-amino-2-norbornane)-carboxylic acid, a.,y-diaminobu-
tyric acid, a,f-diaminopropionic acid, homophenylalanine,
and o-tert-butylglycine.
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[0047] The CARs of embodiments of the invention can be
glycosylated, amidated, carboxylated, phosphorylated,
esterified, N-acylated, cyclized via, e.g., a disulfide bridge,
or converted into an acid addition salt and/or optionally
dimerized or polymerized, or conjugated.

[0048] The CARs of embodiments of the invention can be
obtained by methods known in the art such as, for example,
de novo synthesis. Also, polypeptides and proteins can be
recombinantly produced using the nucleic acids described
herein using standard recombinant methods. See, for
instance, Green and Sambrook, Molecular Cloning: A Labo-
ratory Manual, 4" ed., Cold Spring Harbor Press, Cold
Spring Harbor, N.Y. (2012). Alternatively, the CARs
described herein can be commercially synthesized by com-
panies, such as Synpep (Dublin, Calif. ), Peptide Technolo-
gies Corp. (Gaithersburg, Md.), and Multiple Peptide Sys-
tems (San Diego, Calif.). In this respect, the inventive CARs
can be synthetic, recombinant, isolated, and/or purified.

[0049] Further provided by an embodiment of the inven-
tion is a nucleic acid comprising a nucleotide sequence
encoding any of the CARs described herein. The nucleic
acids of the invention may comprise a nucleotide sequence
encoding any of the antigen binding domains, transmem-
brane domains, and/or intracellular T cell signaling domains
described herein. In an embodiment of the invention, the
nucleic acid comprises, consists of, or consists essentially of
any one of the nucleotide sequences set forth in Table 1B.
Preferably, the nucleic acid comprises the nucleotide
sequence of any one of SEQ ID NOs: 14-20. Preferably, the
nucleic acid comprises the nucleotide sequence of any one
of SEQ ID NOs: 16, 17, 19, and 20. In an embodiment of the
invention, the nucleotide sequence encoding the fCD27-
CD3¢ CAR does not encode one or both of truncated CD19
and DsRed.

TABLE 1B
Antigen binding
and
Transmembrane  Intracellular T Cell
CAR Domain Signaling Domain

full length (f) CD27-CD3% (SEQ full length human CD27 and

ID NO: 14) human CD27 human CD3¢
truncated (A) CD27-CD28- truncated human CD28 and
CD3¢ (SEQ ID NO: 15) human CD27 human CD3¢
ACD27-4-1BB-CD3¢ (SEQ ID  truncated human 4-1BB and
NO: 16) human CD27 human CD3¢
ACD27-CD28-4-1BB-CD3¢, truncated human 4-1BB
(SEQ ID NO: 17) human CD27 human CD28 and
human CD3%
fCD27-CD28-CD3T (SEQ ID full-length human CD27
NO: 18) human CD27 human CD28 and
human CD3%
fCD27-4-1BB-CD3T (SEQ ID  full-length human CD27
NO: 19) human CD27 human 4-1BB and
human CD3%
fCD27-CD28-4-1BB-CD3% full-length human CD27
(SEQ ID NO: 20) human CD27 human 4-1BB
human CD28 and
human CD3%
mCD27-CD3% (SEQ ID NO: 24) full length mouse CD3T

mouse CD27

[0050] “Nucleic acid” as used herein includes “polynucle-
otide,” “oligonucleotide,” and “nucleic acid molecule,” and
generally means a polymer of DNA or RNA, which can be
single-stranded or double-stranded, synthesized or obtained
(e.g., isolated and/or purified) from natural sources, which
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can contain natural, non-natural or altered nucleotides, and
which can contain a natural, non-natural or altered inter-
nucleotide linkage, such as a phosphoroamidate linkage or a
phosphorothioate linkage, instead of the phosphodiester
found between the nucleotides of an unmodified oligonucle-
otide. In some embodiments, the nucleic acid does not
comprise any insertions, deletions, inversions, and/or sub-
stitutions. However, it may be suitable in some instances, as
discussed herein, for the nucleic acid to comprise one or
more insertions, deletions, inversions, and/or substitutions.
In some embodiments, the nucleic acid may encode addi-
tional amino acid sequences that do not affect the function
of the CAR and which may or may not be translated upon
expression of the nucleic acid by a host cell.

[0051] The nucleic acids of an embodiment of the inven-
tion may be recombinant. As used herein, the term “recom-
binant” refers to (i) molecules that are constructed outside
living cells by joining natural or synthetic nucleic acid
segments to nucleic acid molecules that can replicate in a
living cell, or (ii) molecules that result from the replication
of those described in (i) above. For purposes herein, the
replication can be in vitro replication or in vivo replication.

[0052] A recombinant nucleic acid may be one that has a
sequence that is not naturally occurring or has a sequence
that is made by an artificial combination of two otherwise
separated segments of sequence. This artificial combination
is often accomplished by chemical synthesis or, more com-
monly, by the artificial manipulation of isolated segments of
nucleic acids, e.g., by genetic engineering techniques, such
as those described in Green and Sambrook, supra. The
nucleic acids can be constructed based on chemical synthe-
sis and/or enzymatic ligation reactions using procedures
known in the art. See, for example, Green and Sambrook,
supra. For example, a nucleic acid can be chemically syn-
thesized using naturally occurring nucleotides or variously
modified nucleotides designed to increase the biological
stability of the molecules or to increase the physical stability
of the duplex formed upon hybridization (e.g., phosphoro-
thioate derivatives and acridine substituted nucleotides).
Examples of modified nucleotides that can be used to
generate the nucleic acids include, but are not limited to,
5-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil,
hypoxanthine, xanthine, 4-acetylcytosine, 5-(carboxyhy-
droxymethyl) uracil, 5-carboxymethylaminomethyl-2-thio-
uridine, 5-carboxymethylaminomethyluracil, dihydrouracil,
beta-D-galactosylqueosine, inosine, N®-isopentenyladenine,
1-methylguanine, 1-methylinosine, 2,2-dimethylguanine,
2-methyladenine, 2-methyl guanine, 3-methyl cytosine,
5-methylcytosine, N®-substituted adenine, 7-methylguanine,
5-methylaminomethyluracil, 5-methoxyaminomethyl-2-
thiouracil,  beta-D-mannosylqueosine,  5'-methoxycar-
boxymethyluracil, 5-methoxyuracil, 2-methylthio-N°-iso-
pentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine,
pseudouracil, queosine, 2-thiocytosine, 5-methyl-2-thioura-
cil, 2-thiouracil, 4-thiouracil, 5-methyluracil, uracil-5-oxy-
acetic acid methylester, 3-(3-amino-3-N-2-carboxypropyl)
uracil, and 2,6-diaminopurine. Alternatively, one or more of
the nucleic acids of the invention can be purchased from
companies, such as Macromolecular Resources (Fort Col-
lins, Colo.) and Synthegen (Houston, Tex.).

[0053] The nucleic acid can comprise any isolated or
purified nucleotide sequence which encodes any of the
CARs described herein with respect to other aspects of the
invention. Alternatively, the nucleotide sequence can com-

Jul. 26,2018

prise a nucleotide sequence which is degenerate to any of the
sequences or a combination of degenerate sequences.
[0054] An embodiment of the invention also provides an
isolated or purified nucleic acid comprising a nucleotide
sequence which is complementary to the nucleotide
sequence of any of the nucleic acids described herein or a
nucleotide sequence which hybridizes under stringent con-
ditions to the nucleotide sequence of any of the nucleic acids
described herein.

[0055] The nucleotide sequence which hybridizes under
stringent conditions may hybridize under high stringency
conditions. By “high stringency conditions” is meant that
the nucleotide sequence specifically hybridizes to a target
sequence (the nucleotide sequence of any of the nucleic
acids described herein) in an amount that is detectably
stronger than non-specific hybridization. High stringency
conditions include conditions which would distinguish a
polynucleotide with an exact complementary sequence, or
one containing only a few scattered mismatches from a
random sequence that happened to have a few small regions
(e.g., 3-10 bases) that matched the nucleotide sequence.
Such small regions of complementarity are more easily
melted than a full-length complement of 14-17 or more
bases, and high stringency hybridization makes them easily
distinguishable. Relatively high stringency conditions
would include, for example, low salt and/or high tempera-
ture conditions, such as provided by about 0.02-0.1 M NaCl
or the equivalent, at temperatures of about 50-70 ° C. Such
high stringency conditions tolerate little, if any, mismatch
between the nucleotide sequence and the template or target
strand, and are particularly suitable for detecting expression
of'any of the inventive CARs. It is generally appreciated that
conditions can be rendered more stringent by the addition of
increasing amounts of formamide.

[0056] The invention also provides a nucleic acid com-
prising a nucleotide sequence that is at least about 70% or
more, e.g., about 80%, about 90%, about 91%, about 92%,
about 93%, about 94%, about 95%, about 96%, about 97%,
about 98%, or about 99% identical to any of the nucleic
acids described herein.

[0057] In an embodiment, the nucleic acids of the inven-
tion can be incorporated into a recombinant expression
vector. In this regard, an embodiment of the invention
provides recombinant expression vectors comprising any of
the nucleic acids of the invention. For purposes herein, the
term “recombinant expression vector” means a genetically-
modified oligonucleotide or polynucleotide construct that
permits the expression of an mRNA, protein, polypeptide, or
peptide by a host cell, when the construct comprises a
nucleotide sequence encoding the mRNA, protein, polypep-
tide, or peptide, and the vector is contacted with the cell
under conditions sufficient to have the mRNA, protein,
polypeptide, or peptide expressed within the cell. The vec-
tors of the invention are not naturally-occurring as a whole.
However, parts of the vectors can be naturally-occurring.
The inventive recombinant expression vectors can comprise
any type of nucleotides, including, but not limited to DNA
and RNA, which can be single-stranded or double-stranded,
synthesized or obtained in part from natural sources, and
which can contain natural, non-natural or altered nucleo-
tides. The recombinant expression vectors can comprise
naturally-occurring or non-naturally-occurring internucle-
otide linkages, or both types of linkages. Preferably, the
non-naturally occurring or altered nucleotides or internucle-
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otide linkages do not hinder the transcription or replication
of the vector. In an embodiment of the invention, the
recombinant expression vector comprising the nucleotide
sequence encoding the f{CD27-CD3L (CAR does not encode
one or both of truncated CD19 and DsRed.

[0058] In an embodiment, the recombinant expression
vector of the invention can be any suitable recombinant
expression vector, and can be used to transform or transfect
any suitable host cell. Suitable vectors include those
designed for propagation and expansion or for expression or
both, such as plasmids and viruses. The vector can be
selected from the group consisting of the pUC series (Fer-
mentas Life Sciences, Glen Burnie, Md.), the pBluescript
series (Stratagene, Lalolla, Calif.), the pET series (Novagen,
Madison, Wis.), the pGEX series (Pharmacia Biotech,
Uppsala, Sweden), and the pEX series (Clontech, Palo Alto,
Calif.). Bacteriophage vectors, such as AGT10, AGT11,
AZapll (Stratagene), AEMBL4, and ANM1149, also can be
used. Examples of plant expression vectors include pB101,
pB1101.2, pB1101.3, pB1121 and pBIN19 (Clontech).
Examples of animal expression vectors include pEUK-CIl,
pMAM, and pMAMneo (Clontech). The recombinant
expression vector may be a viral vector, e.g., a retroviral
vector or a lentiviral vector. In some embodiments, the
vector can be a transposon.

[0059] In an embodiment, the recombinant expression
vectors of the invention can be prepared using standard
recombinant DNA techniques described in, for example,
Green and Sambrook, supra. Constructs of expression vec-
tors, which are circular or linear, can be prepared to contain
a replication system functional in a prokaryotic or eukary-
otic host cell. Replication systems can be derived, e.g., from
ColEl 2u plasmid, A, SV40, bovine papilloma virus, and the
like.

[0060] The recombinant expression vector may comprise
regulatory sequences, such as transcription and translation
initiation and termination codons, which are specific to the
type of host cell (e.g., bacterium, fungus, plant, or animal)
into which the vector is to be introduced, as appropriate, and
taking into consideration whether the vector is DNA- or
RNA-based. The recombinant expression vector may com-
prise restriction sites to facilitate cloning.

[0061] The recombinant expression vector can include one
or more marker genes, which allow for selection of trans-
formed or transfected host cells. Marker genes include
biocide resistance, e.g., resistance to antibiotics, heavy met-
als, etc., complementation in an auxotrophic host to provide
prototrophy, and the like. Suitable marker genes for the
inventive expression vectors include, for instance, neomy-
cin/G418 resistance genes, hygromycin resistance genes,
histidinol resistance genes, tetracycline resistance genes,
and ampicillin resistance genes.

[0062] The recombinant expression vector can comprise a
native or nonnative promoter operably linked to the nucleo-
tide sequence encoding the CAR, or to the nucleotide
sequence which is complementary to or which hybridizes to
the nucleotide sequence encoding the CAR. The selection of
promoters, e.g., strong, weak, inducible, tissue-specific and
developmental-specific, is within the ordinary skill of the
artisan. Similarly, the combining of a nucleotide sequence
with a promoter is also within the skill of the artisan. The
promoter can be a non-viral promoter or a viral promoter,
e.g., a cytomegalovirus (CMV) promoter, an SV40 pro-
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moter, an RSV promoter, or a promoter found in the long-
terminal repeat of the murine stem cell virus.

[0063] The inventive recombinant expression vectors can
be designed for either transient expression, for stable expres-
sion, or for both. Also, the recombinant expression vectors
can be made for constitutive expression or for inducible
expression.

[0064] Further, the recombinant expression vectors can be
made to include a suicide gene. As used herein, the term
“suicide gene” refers to a gene that causes the cell express-
ing the suicide gene to die. The suicide gene can be a gene
that confers sensitivity to an agent, e.g., a drug, upon the cell
in which the gene is expressed, and causes the cell to die
when the cell is contacted with or exposed to the agent.
Suicide genes are known in the art and include, for example,
the Herpes Simplex Virus (HSV) thymidine kinase (TK)
gene, cytosine daminase, purine nucleoside phosphorylase,
and nitroreductase.

[0065] An embodiment of the invention further provides a
host cell comprising any of the recombinant expression
vectors described herein. As used herein, the term “host cell”
refers to any type of cell that can contain the inventive
recombinant expression vector. The host cell can be a
eukaryotic cell, e.g., plant, animal, fungi, or algae, or can be
a prokaryotic cell, e.g., bacteria or protozoa. The host cell
can be a cultured cell or a primary cell, i.e., isolated directly
from an organism, e.g., a human. The host cell can be an
adherent cell or a suspended cell, i.e., a cell that grows in
suspension. Suitable host cells are known in the art and
include, for instance, DHS5a. E. coli cells, Chinese hamster
ovarian cells, monkey VERO cells, COS cells, HEK293
cells, and the like. For purposes of amplifying or replicating
the recombinant expression vector, the host cell may be a
prokaryotic cell, e.g., a DH5a cell. For purposes of produc-
ing a recombinant CAR, the host cell may be a mammalian
cell. The host cell may be a human cell. While the host cell
can be of any cell type, can originate from any type of tissue,
and can be of any developmental stage, the host cell may be
a peripheral blood lymphocyte (PBL) or a peripheral blood
mononuclear cell (PBMC). The host cell may be a T cell.
[0066] For purposes herein, the T cell can be any T cell,
such as a cultured T cell, e.g., a primary T cell, or a T cell
from a cultured T cell line, e.g., Jurkat, SupT1, etc., ora T
cell obtained from a mammal. If obtained from a mammal,
the T cell can be obtained from numerous sources, including
but not limited to blood, bone marrow, lymph node, the
thymus, or other tissues or fluids. T cells can also be
enriched for or purified. The T cell may be a human T cell.
The T cell may be a T cell isolated from a human. The T cell
can be any type of T cell and can be of any developmental
stage, including but not limited to, CD4*/CD8"* double
positive T cells, CD4* helper T cells, e.g., Th, and Th, cells,
CD8* T cells (e.g., cytotoxic T cells), tumor infiltrating cells,
memory T cells, naive T cells, and the like. The T cell may
be a CD8* T cell or a CD4™ T cell.

[0067] Also provided by an embodiment of the invention
is a population of cells comprising at least one host cell
described herein. The population of cells can be a hetero-
geneous population comprising the host cell comprising any
of the recombinant expression vectors described, in addition
to at least one other cell, e.g., a host cell (e.g., a T cell),
which does not comprise any of the recombinant expression
vectors, or a cell other than a T cell, e.g., a B cell, a
macrophage, a neutrophil, an erythrocyte, a hepatocyte, an
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endothelial cell, an epithelial cell, a muscle cell, a brain cell,
etc. Alternatively, the population of cells can be a substan-
tially homogeneous population, in which the population
comprises mainly host cells (e.g., consisting essentially of)
comprising the recombinant expression vector. The popula-
tion also can be a clonal population of cells, in which all
cells of the population are clones of a single host cell
comprising a recombinant expression vector, such that all
cells of the population comprise the recombinant expression
vector. In one embodiment of the invention, the population
of cells is a clonal population comprising host cells com-
prising a recombinant expression vector as described herein.
[0068] In an embodiment of the invention, the numbers of
cells in the population may be rapidly expanded. Expansion
of the numbers of cells expressing the CAR can be accom-
plished by any of a number of methods as are known in the
art as described in, for example, U.S. Pat. No. 8,034,334,
U.S. Pat. No. 8,383,099; U.S. Patent Application Publication
No. 2012/0244133; Dudley et al., J. Immunother., 26:332-42
(2003); and Riddell et al., J. Immunol. Methods, 128:189-
201 (1990). In an embodiment, expansion of the numbers of
cells is carried out by culturing the T cells with OKT3
antibody, 1L.-2, and feeder PBMC (e.g., irradiated allogeneic
PBMCO).

[0069] CARs, nucleic acids, recombinant expression vec-
tors, and host cells (including populations thereof), all of
which are collectively referred to as “inventive CAR mate-
rials” hereinafter, can be isolated and/or purified. The term
“isolated” as used herein means having been removed from
its natural environment. The term “purified” or “isolated”
does not require absolute purity or isolation; rather, it is
intended as a relative term. Thus, for example, a purified (or
isolated) host cell preparation is one in which the host cell
is more pure than cells in their natural environment within
the body. Such host cells may be produced, for example, by
standard purification techniques. In some embodiments, a
preparation of a host cell is purified such that the host cell
represents at least about 50%, for example at least about
70%, of the total cell content of the preparation. For
example, the purity can be at least about 50%, can be greater
than about 60%, about 70% or about 80%, or can be about
100%.

[0070] The inventive CAR materials can be formulated
into a composition, such as a pharmaceutical composition.
In this regard, an embodiment of the invention provides a
pharmaceutical composition comprising any of the CARs,
nucleic acids, expression vectors, and host cells (including
populations thereof), and a pharmaceutically acceptable
carrier. The inventive pharmaceutical compositions contain-
ing any of the inventive CAR materials can comprise more
than one inventive CAR material, e.g., a CAR and a nucleic
acid, or two or more different CARs. Alternatively, the
pharmaceutical composition can comprise an inventive
CAR material in combination with other pharmaceutically
active agents or drugs, such as chemotherapeutic agents,
e.g., asparaginase, busulfan, carboplatin, cisplatin, daunoru-
bicin, doxorubicin, fluorouracil, gemcitabine, hydroxyurea,
methotrexate, paclitaxel, rituximab, vinblastine, vincristine,
etc. In a preferred embodiment, the pharmaceutical compo-
sition comprises the inventive host cell or populations
thereof.

[0071] Preferably, the carrier is a pharmaceutically accept-
able carrier. With respect to pharmaceutical compositions,
the carrier can be any of those conventionally used for the
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particular inventive CAR material under consideration. Such
pharmaceutically acceptable carriers are well-known to
those skilled in the art and are readily available to the public.
It is preferred that the pharmaceutically acceptable carrier be
one which has no detrimental side effects or toxicity under
the conditions of use.

[0072] The choice of carrier will be determined in part by
the particular inventive CAR material, as well as by the
particular method used to administer the inventive CAR
material. Accordingly, there are a variety of suitable formu-
lations of the pharmaceutical composition of the invention.
Suitable formulations may include any of those for oral,
parenteral, subcutaneous, intravenous, intramuscular,
intraarterial, intrathecal, or interperitoneal administration.
More than one route can be used to administer the inventive
CAR materials, and in certain instances, a particular route
can provide a more immediate and more effective response
than another route.

[0073] Preferably, the inventive CAR material is admin-
istered by injection, e.g., intravenously. When the inventive
CAR material is a host cell expressing the inventive CAR,
the pharmaceutically acceptable carrier for the cells for
injection may include any isotonic carrier such as, for
example, normal saline (about 0.90% w/v of NaCl in water,
about 300 mOsm/L. NaCl in water, or about 9.0 g NaCl per
liter of water), NORMOSOL R electrolyte solution (Abbott,
Chicago, IIl.), PLASMA-LYTE A (Baxter, Deerfield, IlL.),
about 5% dextrose in water, or Ringer’s lactate. In an
embodiment, the pharmaceutically acceptable carrier is
supplemented with human serum albumen.

[0074] The dose of the inventive CAR material also will
be determined by the existence, nature and extent of any
adverse side effects that might accompany the administra-
tion of a particular inventive CAR material. Typically, the
attending physician will decide the dosage of the inventive
CAR material with which to treat each individual patient,
taking into consideration a variety of factors, such as age,
body weight, general health, diet, sex, inventive CAR mate-
rial to be administered, route of administration, and the
severity of the cancer being treated. In an embodiment in
which the inventive CAR material is a population of cells,
the number of cells administered per infusion may vary, e.g.,
from about 1x10° to about 1x10*2 cells or more. In certain
embodiments, fewer than 1x10° cells may be administered.
[0075] For purposes of the invention, the amount or dose
of the inventive CAR material administered should be
sufficient to effect a therapeutic or prophylactic response in
the subject or animal over a reasonable time frame. For
example, the dose of the inventive CAR material should be
sufficient to bind to antigen, or detect, treat or prevent cancer
in a period of from about 2 hours or longer, e.g., about 12
to about 24 or more hours, from the time of administration.
In certain embodiments, the time period could be even
longer. The dose will be determined by the efficacy of the
particular inventive CAR material and the condition of the
animal (e.g., human), as well as the body weight of the
animal (e.g., human) to be treated.

[0076] For purposes of the invention, an assay, which
comprises, for example, comparing the extent to which
target cells are lysed and/or IFN-y is secreted by T cells
expressing the inventive CAR upon administration of a
given dose of such T cells to a mammal, among a set of
mammals of which is each given a different dose of the T
cells, could be used to determine a starting dose to be
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administered to a mammal. The extent to which target cells
are lysed and/or IFN-y is secreted upon administration of a
certain dose can be assayed by methods known in the art.
[0077] One of ordinary skill in the art will readily appre-
ciate that the inventive CAR materials of the invention can
be modified in any number of ways, such that the therapeutic
or prophylactic efficacy of the inventive CAR materials is
increased through the modification. For instance, the inven-
tive CAR materials can be conjugated either directly or
indirectly through a linker to a targeting moiety. The practice
of conjugating compounds, e.g., inventive CAR materials, to
targeting moieties is known in the art.

[0078] When the inventive CAR materials are adminis-
tered with one or more additional therapeutic agents, one or
more additional therapeutic agents can be coadministered to
the mammal. By “coadministering” is meant administering
one or more additional therapeutic agents and the inventive
CAR materials sufficiently close in time such that the
inventive CAR materials can enhance the effect of one or
more additional therapeutic agents, or vice versa. In this
regard, the inventive CAR materials can be administered
first and the one or more additional therapeutic agents can be
administered second, or vice versa. Alternatively, the inven-
tive CAR materials and the one or more additional thera-
peutic agents can be administered simultaneously. An exem-
plary therapeutic agent that can be co-administered with the
CAR materials is IL-2. It is believed that IL.-2 enhances the
therapeutic effect of the inventive CAR materials.

[0079] It is contemplated that the inventive pharmaceuti-
cal compositions, CARs, nucleic acids, recombinant expres-
sion vectors, host cells, or populations of cells can be used
in methods of treating or preventing cancer in a mammal.
Without being bound to a particular theory or mechanism,
the inventive CARs have biological activity, e.g., ability to
recognize antigen, e.g., CD70, such that the CAR when
expressed by a cell is able to mediate an immune response
against the cell expressing the antigen, e.g., CD70, for which
the CAR is specific. In this regard, an embodiment of the
invention provides a method of treating or preventing cancer
in a mammal, comprising administering to the mammal the
CARs, the nucleic acids, the recombinant expression vec-
tors, the host cells, the population of cells, and/or the
pharmaceutical compositions of the invention in an amount
effective to treat or prevent cancer in the mammal.

[0080] An embodiment of the invention further comprises
lymphodepleting the mammal prior to administering the
inventive CAR materials. Examples of lymphodepletion
include, but may not be limited to, nonmyeloablative lym-
phodepleting chemotherapy, myeloablative lymphodeplet-
ing chemotherapy, total body irradiation, etc.

[0081] For purposes of the inventive methods, wherein
host cells or populations of cells are administered, the cells
can be cells that are allogeneic or autologous to the mammal.
Preferably, the cells are autologous to the mammal.

[0082] The mammal referred to herein can be any mam-
mal. As used herein, the term “mammal” refers to any
mammal, including, but not limited to, mammals of the
order Rodentia, such as mice and hamsters, and mammals of
the order Logomorpha, such as rabbits. The mammals may
be from the order Carnivora, including Felines (cats) and
Canines (dogs). The mammals may be from the order
Artiodactyla, including Bovines (cows) and Swines (pigs) or
of the order Perssodactyla, including Equines (horses). The
mammals may be of the order Primates, Ceboids, or Simoids
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(monkeys) or of the order Anthropoids (humans and apes).
Preferably, the mammal is a human.

[0083] With respect to the inventive methods, the cancer
can be any cancer, including any of acute lymphocytic
cancer, acute myeloid leukemia, alveolar rhabdomyosar-
coma, bladder cancer (e.g., bladder carcinoma), bone cancer,
brain cancer (e.g., medulloblastoma), breast cancer, cancer
of the anus, anal canal, or anorectum, cancer of the eye,
cancer of the intrahepatic bile duct, cancer of the joints,
cancer of the neck, gallbladder, or pleura, cancer of the nose,
nasal cavity, or middle ear, cancer of the oral cavity, cancer
of the vulva, chronic lymphocytic leukemia (CLL), chronic
myeloid cancer, colon cancer, esophageal cancer, cervical
cancer, fibrosarcoma, gastrointestinal carcinoid tumor, head
and neck cancer (e.g., head and neck squamous cell carci-
noma), glioblastoma, Hodgkin’s lymphoma, hypopharynx
cancer, kidney cancer, larynx cancer, leukemia, liquid
tumors, liver cancer, lung cancer (e.g., non-small cell lung
carcinoma), lymphoma, diffuse large-B-cell lymphoma, fol-
licular lymphoma, malignant mesothelioma, mastocytoma,
melanoma, multiple myeloma, nasopharynx cancer, non-
Hodgkin’s lymphoma (NHL), B-chronic lymphocytic leu-
kemia, hairy cell leukemia, acute lymphocytic leukemia
(ALL), and Burkitt’s lymphoma, ovarian cancer, pancreatic
cancer, peritoneum, omentum, and mesentery cancer, phar-
ynx cancer, prostate cancer, RCC, ccRCC, rectal cancer,
renal cancer, skin cancer, small intestine cancer, soft tissue
cancer, solid tumors, stomach cancer, testicular cancer,
thyroid cancer, and ureter cancer. Preferably, the cancer is
characterized by the expression of CD70. In a preferred
embodiment, the cancer is any of RCC (for example,
ccRCCO), glioblastoma, NHL, CLL, diffuse large-B-cell lym-
phoma, and follicular lymphoma.

[0084] The terms “treat,” and “prevent” as well as words
stemming therefrom, as used herein, do not necessarily
imply 100% or complete treatment or prevention. Rather,
there are varying degrees of treatment or prevention of
which one of ordinary skill in the art recognizes as having
a potential benefit or therapeutic effect. In this respect, the
inventive methods can provide any amount of any level of
treatment or prevention of cancer in a mammal. Further-
more, the treatment or prevention provided by the inventive
method can include treatment or prevention of one or more
conditions or symptoms of the disease, e.g., cancer, being
treated or prevented. Also, for purposes herein, “prevention”
can encompass delaying the onset of the disease, or a
symptom or condition thereof.

[0085] Another embodiment of the invention provides a
use of the inventive CARs, nucleic acids, recombinant
expression vectors, host cells, populations of cells, or phar-
maceutical compositions, for the treatment or prevention of
cancer in a mammal.

[0086] Another embodiment of the invention provides a
method of detecting the presence of cancer in a mammal,
comprising: (a) contacting a sample comprising one or more
cells from the mammal with the CARs, the nucleic acids, the
recombinant expression vectors, the host cells, or the popu-
lation of cells, of the invention, thereby forming a complex,
(b) and detecting the complex, wherein detection of the
complex is indicative of the presence of cancer in the
mammal.

[0087] The sample may be obtained by any suitable
method, e.g., biopsy or necropsy. A biopsy is the removal of
tissue and/or cells from an individual. Such removal may be
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to collect tissue and/or cells from the individual in order to
perform experimentation on the removed tissue and/or cells.
This experimentation may include experiments to determine
if the individual has and/or is suffering from a certain
condition or disease-state. The condition or disease may be,
e.g., cancer.

[0088] With respect to an embodiment of the inventive
method of detecting the presence of cancer in a mammal, the
sample comprising cells of the mammal can be a sample
comprising whole cells, lysates thereof, or a fraction of the
whole cell lysates, e.g., a nuclear or cytoplasmic fraction, a
whole protein fraction, or a nucleic acid fraction. If the
sample comprises whole cells, the cells can be any cells of
the mammal, e.g., the cells of any organ or tissue, including
blood cells or endothelial cells.

[0089] For purposes of the inventive detecting method, the
contacting can take place in vitro or in vivo with respect to
the mammal. Preferably, the contacting is in vitro.

[0090] Also, detection of the complex can occur through
any number of ways known in the art. For instance, the
inventive CARs, polypeptides, proteins, nucleic acids,
recombinant expression vectors, host cells, or populations of
cells, described herein, can be labeled with a detectable label
such as, for instance, a radioisotope, a fluorophore (e.g.,
fluorescein isothiocyanate (FITC), phycoerythrin (PE)), an
enzyme (e.g., alkaline phosphatase, horseradish peroxidase),
and element particles (e.g., gold particles).

[0091] Methods of testing a CAR for the ability to recog-
nize target cells and for antigen specificity are known in the
art. For instance, Clay et al., J. Immunol., 163: 507-513
(1999), teaches methods of measuring the release of cytok-
ines (e.g., interferon-y, granulocyte/monocyte colony stimu-
lating factor (GM-CSF), tumor necrosis factor a (TNF-at) or
interleukin 2 (IL-2)). In addition, CAR function can be
evaluated by measurement of cellular cytoxicity, as
described in Zhao et al., J Immunol., 174: 4415-4423
(2005).

[0092] The following examples further illustrate the
invention but, of course, should not be construed as in any
way limiting its scope.

EXAMPLE 1

[0093] This example demonstrates the transduction effi-
ciency of a retroviral vector encoding a CAR including
full-length mouse CD27 and a mouse CD3C T cell intrac-
ellular signaling domain (mCD27-CD3¢ CAR) and having
the amino acid sequence of SEQ ID NO: 25 and the
reactivity of the mCD27-CD3L (CAR against mCD70-
expressing tumor cells in vitro.

[0094] A retroviral vector encoding a CAR including
full-length mouse CD27 and a mouse CD3C T cell intrac-
ellular signaling domain (mCD27-CD3¢ CAR) and having
the amino acid sequence of SEQ ID NO: 25 was constructed.
Murine T cells were retrovirally transduced with the
mCD27-CD3¢ (CAR retroviral vector. Transduction effi-
ciency was determined to be 62.6%.

[0095] Mouse T cells generated from splenocytes were
untransduced (UT) or transduced with a vector encoding
GFP or the mCD27-CD3C CAR (effector cells) and cultured
alone (medium) or co-cultured with B16 melanoma cells
that do not express mouse CD70 (B16 cells) or B16 cells that
were transduced to express mouse CD70 (B16/mCD70)
target cells. Pmel cells, which are mouse T cells that
recognize B16 tumor, were used as a positive control effec-
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tor cell. IFN-y secretion was measured. The results are
shown in Table 2. As shown in Table 2, cells transduced with
the mCD27-CD3C (CAR showed high reactivity against
CD70-expressing tumors in vitro.

TABLE 2
IFN-y (pg/ml)

B16 B16/mCD70 Medium
Medium 0 0 0
pmel 795 1762 0
Mouse T cells/UT 0 0 0
Mouse T 0 0 0
cells/mGFP
Mouse T cells/ 0 642122 0
mCD27-CD3¢ CAR

EXAMPLE 2

[0096] This example demonstrates that mouse T cells
generated from splenocytes transduced with a nucleotide
sequence encoding a CAR including full-length mouse
CD27 and a mouse CD3C T cell intracellular signaling
domain (mCD27-CD3C CAR) and having the amino acid
sequence of SEQ ID NO: 25 reduces tumor burden and
increases the survival of CD70-expressing tumor-bearing
mice.

[0097] Eleven days prior to transferring CAR-expressing
cells into mice, tumors were established in mice by injecting
them with B16 cells or B16/mCD70 cells. Four days later,
splenocytes were removed from the mice and stimulated
with concanavalin A (ConA) and IL-7 or anti-mouse CD3
(mCD3) and soluble CD28 (sCD28). Two days later, mouse
T cells generated from the stimulated splenocytes were
transduced with a MSGV1 retroviral vector encoding the
mCD27-CD3¢ CAR having the amino acid sequence of
SEQ ID NO: 25. Five days later, the mCD27-CD3 {
CAR-transduced cells (1x10”) were administered to the
tumor-bearing mice, and the mice were irradiated (500 rads).
Control tumor-bearing mice were administered untrans-
duced cells, phosphate buffered saline (PBS), or a combi-
nation of pmel cells (pmel), a gp100 vaccine (V), and 1L-2
(D (“pmel+VTI”) and irradiated. The size of the tumors was
measured over a period of time up to about 35 days after
treatment. The results are shown in FIGS. 1A-1B. As shown
in FIGS. 1A-1B, the mCD27-CD3{ CAR-transduced cells
reduced the tumor burden in B16/mCD70-tumor bearing
mice, but not in B16-tumor bearing mice. Accordingly, mice
bearing CD70+ tumors could be successfully treated with
mCD27-CD3¢ CAR-transduced cells, and the treatment was
CD70-specific.

[0098] The experiment was repeated with B16/mCD70-
tumor bearing mice, except that splenocytes were stimulated
with anti-mCD3 and sCD28, and the mice were also admin-
istered IL-2 after irradiation and administration of trans-
duced cells. Control tumor-bearing mice were administered
untransduced cells, cells transduced with an empty vector, or
pmel+VI, followed by irradiation and administration of
IL-2. The size of the tumors was measured over a period of
time up to about 24 days after treatment. The results are
shown in FIG. 1F. As shown in FIG. 1F, when co-adminis-
tered with IL-2, the mCD27-CD3{ CAR-transduced cells
reduced the tumor burden in B16/mCD70-tumor bearing
mice.
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[0099] Twenty-one days after cell transfer, the tumors
were removed from the treated mice and grown in vitro for
seven days. Mouse CD70 expression in the tumors was
measured by FACS. It was observed that CD70 expression
was lost in mice treated with mCD27-CD3C (CAR-trans-
duced cells but not in mice treated with Pmel+V or untrans-
duced cells. Without being bound to a particular theory or
mechanism, it is believed that recurrence of tumor growth
was most likely due to the loss of CD70 expression on
B16/mCD70 tumors.

[0100] The experiment corresponding to that of FIG. 1B
was repeated again with B16/mCD70 tumor-bearing mice,
with the following exceptions. B16/mCD70 tumor-bearing
mice were administered mCD27-CD3¢ (CAR-transduced
cells at a dose of 1x10%, 1x10°, 1x105, or 1x107 cells per
mouse with or without irradiation (500 Rads). Control
tumor-bearing mice were administered PBS, pmel+VI, or
mouse T cells that were transduced with an empty vector
with or without irradiation (500 Rads). The results are
shown in FIGS. 1C-1D. As shown in FIG. 1C, the lowest
effective dose for treating tumors was 1x10°> mCD27-CD3¢
CAR-transduced cells per mouse when mice were irradiated.
As shown in FIGS. 1C-1D, at a dose of 1x107 cells per
mouse, irradiation did not seem to affect treatment efficacy.
[0101] Survival of the tumor-bearing mice was also
assessed over a period of time up to about 42 days after
treatment. The results are shown in FIG. 1E. As shown in
FIG. 1E, irradiated tumor-bearing mice treated with the
mCD27-CD3¢ CAR-transduced cells survived longer, par-
ticularly at doses of 1x10° or 1x107 cells per mouse.

EXAMPLE 3

[0102] This example demonstrates that administration of
cells transduced with the mCD27-CD3¢ CAR to tumor-
bearing mice results in some toxicity. This example also
demonstrates that the mice can recover from the toxicity.
[0103] B16 or B16/mCD70-tumor bearing mice were
administered untransduced cells or cells transduced with the
mCD27-CD3¢ (CAR having the amino acid sequence of
SEQ ID NO: 25, PBS, or pmel+V, with or without irradiation
(500 Rads). The average weight of the mice was measured
over a period beginning about six days after cell transfer up
to about 17 days following treatment. The results are shown
in FIGS. 2A-2D. As shown in FIGS. 2A-2D, transient lower
body weights were observed for both B16/mCD70 and
B16-tumor bearing mice that were treated with the mCD27-
CD3C CAR. The lower body weight observed in the
mCD27-CD3, CAR-treated mice was irrelevant to
implanted tumors. Without being bound to a particular
theory or mechanism, it is believed that the lower body
weight implies that endogenous cells were targeted by the
mCD27-CD3¢ CAR. The mice recovered lost body weight
when they were administered a hydrogel containing water,
hydrocolloids, food acid, and sodium benzoate.

[0104] B16 or B16/mCD70-tumor bearing mice were
administered untransduced cells or cells transduced with the
mCD27-CD3¢ CAR having the amino acid sequence of
SEQ ID NO: 25, or cells transduced with a vector encoding
GFP, with or without irradiation (500 Rads). The absolute
white blood cell (WBC) count in the mice was measured
over a period beginning about six days after cell transfer up
to about 14 days following treatment. The results are shown
in FIGS. 2E-2H. As shown in FIGS. 2E-2F, a transient lower
WBC count was observed in the mice that were treated with
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the mCD27-CD3C (CAR. As shown in FIGS. 2G-2H, a
transient lower splenocyte count was also observed in the
mice that were treated with the mCD27-CD3{ CAR.
[0105] B16/mCD70-tumor bearing mice were adminis-
tered cells transduced with the mCD27-CD3¢ (CAR having
the amino acid sequence of SEQ ID NO: 25 or cells
transduced with a vector encoding GFP, with or without
irradiation (500 Rads). Serum IFN-y levels were measured
for a period beginning about three days after cell transter up
to about seven days after treatment. The results are shown in
FIG. 21. As shown in FIG. 21, transient IFN-y secretion was
observed in the irradiated mice treated with the mCD27-
CD3t (CAR.

EXAMPLE 4

[0106] This example demonstrates that administration of
the mCD27-CD3C (CAR does not have a measurable effect
on the long-term immune function of non-tumor bearing
mice.

[0107] Non-tumor bearing mice were administered cells
that were transduced with the mCD27-CD3L CAR having
the amino acid sequence of SEQ ID NO: 25 or cells
transduced with a vector encoding GFP (GFP), with or
without irradiation (500 Rads). The mice were immunized
with ovalbumin (OVA) or human (h) gp100 32 or 50 days
after transfer of transduced cells. T cells were removed from
the spleen and lymph node (LN) of the mice seven days after
immunization. The cells were stimulated in vitro with OT-1,
OT-1I, or hgp100 peptide. The results are shown in Table 3
(Day 32-spleen), Table 4 (Day 32-LN), and Table 5 (Day
50-spleen). In Table 5, immunized C57BL/6 (immune com-
petent) mice (B6/Im) were used as a positive control. Naive
C57BL/6 mice (B6/naive) were used as a negative control.
As shown in Tables 3-5, administration of the mCD27-CD3¢
(CAR does not have a measurable effect on the long-term
immune function of non-tumor bearing mice.

[0108] The histology of various organs, including brain,
lung, liver, kidney, intestine, heart, spleen, and bone were
examined from 3 days to 7 days after cell transfer. The
chemistry of the blood, in particular, the blood levels of
sodium, potassium, chloride, calcium, magnesium, phos-
phorus, glucose, blood urea nitrogen (BUN), creatinine, uric
acid, albumin, protein, cholesterol, triglycerides, alkaline
phosphatase (ALK P), alanineaminotransferase (ALT/GPT),
aspartate aminotransferase (AST/GOT), amylase, creatine
kinase (CK), and lactate dehydrogenase (LD) were exam-
ined from 3 days to 7 days after cell transfer. No changes in
histology or blood chemistry were observed.

TABLE 3

Immunized with:

OVA hgp100
Stimulated With:

OT-1 OT-II hgp100
mCD27- 2263 54 44 48 1293 <32
CD3¢ CAR
(500 Rads)

GFP (500 Rads) 1130 84 67 60 177 40
mCD27- 347 <32 <32 <32 298 <32
CD3¢ CAR

GFP 933 96 96 93 544 30
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TABLE 4 TABLE 6
Immunized with: fCD27-CD3%
uT fCD27 CAR
OVA hgp100
Stimulated With: After CD27+/CD70+ 10.84%  2.04% 3.27%
stimulation ~ CD27-/CD70+ 25.85%  0.53% 0.36%
OT-1 OT-II hgp100 and before ~ CD27+/CD70- 44.82%  85.18% 94.55%
J— 2 <2 12950 <35 < REP CD27-/CD70- 18.49%  12.24% 1.82%
IgD3‘g CAR == CD45RO+/CD62L+  48.97%  29.02% 39.77%
(500 Rads) CD45RO-/CD62L+  8.14%  7.38% 6.50%
GFP (500 Rads) 6 <32 230 a2 <35 45 CD45RO+/CD62L~  31.70%  48.63% 47.27%
mCD27- 235 66 557 32 301 139 CD45RO-/CD62L~  11.19%  14.97% 6.47%
CD3% CAR After REP  CD27+/CD70+ 520%  4.93% 0.45%
GFP 121 <32 340 35 <35 <32 CD27-/CD70+ 70.02%  12.53% 0.12%
CD27+/CD70- 11.01%  71.76% 91.84%
CD27-/CD70- 13.77%  10.78% 7.59%
CD45RO+/CD62L+  17.42%  14.52% 12.39%
TABLE 5 CD45RO-/CD62L+  240%  1.59% 5.53%
Immunized with: CD45RO+/CD62L-  72.9%  73.98% 44.37%
- CD45RO-/CD62L-  7.40%  9.90% 37.70%
OVA hgp100
Stimulated With:
OT-1 OT-1I hgp100 TABLE 7
- < < <
r(l;]g];gzéAR 1708 24 REE) 2 2 2 Fold expansion  Viability (%)
(500 Rads) After stimulation UT 6 88
GFP (500 Rads) 498 114 4429 122 <32 <32 and befors REP  fCD27 3 a4
mCD27- 1219 77 995 <32 <32 <32 fCD27-CD3t CAR 3 70
CD3L CAR After REP UT 720 86
GFP 371 <32 370 <32 67 <32 D27 560 75
B6/lm uss 79 245 39 119 33 fCD27-CD3C CAR 790 79
Bé/naive <32 <32 134 70 <32 <32
EXAMPLE 5 EXAMPLE 6
. 0111] This example demonstrates that T cells transduced
[0109] This example demonstrates that T cells transduced [ ] P

with a nucleotide sequence encoding a CAR including
full-length human CD27 and a human CD3C (T cell intra-
cellular signaling domain (fCD27-CD3C (CAR) express the
CAR following expansion of the numbers of transduced
cells.

[0110] PBL were non-specifically stimulated with OKT3
and T cells generated from the PBL were (a) untransduced
(UT), (b) transduced with a nucleotide sequence encoding
full-length human CD27 ({CD27), or (c¢) transduced with a
nucleotide sequence encoding the fCD27-CD3¢ CAR hav-
ing the amino acid sequence of SEQ ID NO: 7. The cells
were grown, analyzed for CAR expression by fluorescence-
activated cell sorting (FACS), and tested for tumor reactivity
based on IFN-y production. The numbers of CD70-reactive
cells were rapidly expanded (REP) generally as described in
Riddell et al., J. Immunol. Methods, 128: 189-201 (1990).
Expanded numbers of cells were grown and analyzed for
expression of CD27, CD70, CD45RO, and CD62L by
FACS. Table 6 shows the percentage of cells with the
indicated phenotypes as measured by FACS. Table 7 shows
the fold expansion and viability (%) of the cells following
stimulation (but before REP) and after REP. As shown in
Tables 6 and 7, expanded numbers of transduced cells
express the CAR and are viable and have an effector
memory phenotype.

with a nucleotide sequence encoding a CAR including
full-length human CD27 and a human CD3C (T cell intra-
cellular signaling domain (fCD27-CD3C (CAR) proliferate
upon co-culture with CD70-expressing cells and specifically
recognize CD70-expressing tumor cell lines in vitro.

[0112] T cells were generated from human PBL. Untrans-
duced (UT) T cells or T cells transduced with a nucleotide
sequence encoding fCD27 or the f{CD27-CD3L CAR (effec-
tor cells) were cultured alone or co-cultured with CD70-
expressing tumor cell line 624 mel or 624 mel cells trans-
duced with CD70 (624/CD70) (target cells). Proliferation of
the effector cells was measured using carboxyfluorescein
succinimidyl ester (CFSE) on day 4 of the co-culture. The T
cells transduced with the fCD27-CD3L CAR proliferated
only when co-cultured with the CD70-expressing tumor cell
line 624/CD70. The UT T cells and the T cells transduced
with fCD27 did not proliferate in any culture.

[0113] UT T cells or T cells transduced with a nucleotide
sequence encoding fCD27 or the fCD27-CD3C, (CAR (SEQ
ID NO: 7) (effector cells) were cultured alone (medium) or
co-cultured with one of the human RCC cell lines or control
cell lines 624, 624/CD70, SNU245, SNU1079, or SNU1196
(target cells) shown in Table 8 below. All SNU cell lines
were CD70 negative. IFN-y secretion was measured. The
results are shown in Table 8. As shown in Table 8, T cells
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transduced with a nucleotide sequence the fCD27-CD3g
(CAR (SEQ ID NO: 7) were reactive against CD70-express-
ing human RCC cell lines.

sured by FACS. As shown in Table 9B, cells transduced with
CARs have an effector memory phenotype.

TABLE 9A
TABLE 8
Phenotype (%)
IFN-y (pg/ml)
CD3+/ CD3+/ CD3-/
CD70 fCD27-CD3% CD27+ CD27- CD3-/CD27+ CD27-
expression uUT fCD27 CAR
full length (f) CD27-CD3%,  75.90 5.85 16.00 2.23
624 Negative 39 170 87 (SEQ ID NO: 7)
(Nefg? truncated (A) CD27-CD28-  44.30  51.60 0.70 3.41
624/CD70 Positive (Pos) 29 173 6485 CD3E (SEQ ID NO: 8)
RCC 2219R P 61 147 12068
o8 ACD27-4-1BB-CD3g 60.20  27.90 8.16 3.71
RCC 2245R  Pos 29 103 9108
(SEQ ID NO: 9)
RCC 2095R  Pos 40 210 5819
ACD27-CD28-4-1BB- 16.0 80.30 0.30 3.39
RCC 1581 Pos 41 163 11797 D3t (SEO ID NO: 10
RCC 2246R  Pos 27 94 8221 t (SEQ +10)
RCC 2657R  Pos 17 . 3510 fCD27-CD28-CD3T 311 93.90 0.037 2.98
RCC 236IR  Pos 14 48 2256 (SEQ ID NO: 11)
RCC 2261R Pos 60 129 7367 fCD27-4-1BB-CD3%, 60.70  29.20 5.98 4.10
RCC 2654R  Pos 38 150 7894 (SEQ ID NO: 12)
SNU245 Neg 26 150 36 fCD27-CD28-4-1BB- 60.80 23.40 9.66 6.08
SNU1079 Neg 70 110 33 CD3E (SEQ ID NO: 13)
SNU1196 Neg 35 85 25 Mock (control) (empty 0.26 97.50 6.75 x 1073 2.28
Medium — 185 389 53 vector)
TABLE 9B
Phenotype (%)
CD45RO+/  CD45RO+/ CD45RO-/  CD45RO-/
CD62L+ CD62L- CD62L+ CD62L-
full length (f) CD27-CD3% 68.30 23.50 6.13 2.03
(SEQ ID NO: 7)
truncated (A) CD27-CD28- 84.70 9.52 4.49 1.25
CD3E (SEQ ID NO: 8)
ACD27-4-1BB-CD3T, (SEQ 74.00 20.20 4.20 1.60
ID NO: 9)
ACD27-CD28-4-1BB- 86.40 7.83 454 1.19
CD3T (SEQ ID NO: 10)
fCD27-CD28-CD3T, (SEQ 87.70 9.72 1.76 0.86
ID NO: 11)
fCD27-4-1BB-CD3%, (SEQ 69.10 22.70 5.80 2.35
ID NO: 12)
fCD27-CD28-4-1BB- 73.20 13.90 10.20 2.72
CD3T (SEQ ID NO: 13)
Mock (control) (empty 85.50 11.60 2.11 0.73
vector)
EXAMPLE 7 TABLE 9C
[9114] ThlS. example demonstrates the transduction effi- Phenotype (%)
ciency of anti-CD70 human CAR constructs.
[0115] Human T cells were transduced with an empty CD27+/ CD27+/ CD27-/

CD70+ CD70- CD27-/CD70+ CD70-

retroviral vector (Mock) or a retroviral vector encoding one
of the constructs set forth in Tables 9A-9C. CARs including

atruncated (A) CD27 lack all of the CD27 intracellular T cell l(vlsﬂé(l; ?gﬂl N((f)): S;) DT 163 9640 010 e
signaling domain, that is, the truncated CD27 lacks contigu- truncated (A) CD27-CD28-  0.69  90.80 0.46 8.06
ous amino acid residues 212-260 of SEQ ID NO: 2. Trans- CD3T (SEQ ID NO: 8)

duced cells were analyzed for CD3, CD27, CD62L, and ACD27-4-1BB-CD3¢ (SEQ  0.77 9540 0.057 3.77

CD45RO expression by FACS. Tables 9A-9C show the
percentage of cells with the indicated phenotypes as mea-

ID NO: 9)
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TABLE 9C-continued

Phenotype (%)

CD27+/ CD27+/ CD27-/
CD70+ CD70- CD27-/CD70+ CD70-

ACD27-CD28-4-1BB- 0.42 83.80 0.66 15.10
CD3T (SEQ ID NO: 10)
fCD27-CD28-CD3T (SEQ 9.30 68.10 11.60 11.0
ID NO: 11)
fCD27-4-1BB-CD3T (SEQ 1.09 92.20 0.16 6.55
ID NO: 12)
fCD27-CD28-4-1BB- 2.04 92.70 0.11 5.18
CD3T (SEQ ID NO: 13)
Mock (control) (empty 1.67 28.50 51.30 18.50
vector)

EXAMPLE 8
[0116] This example demonstrates that human T cells

transduced with £ CD27-CD3C (SEQ ID NO: 7), ACD27-
4-1BB-CD3C (SEQ ID NO: 9), ACD27-CD28-4-1BB-CD3¢,
(SEQ ID NO: 10), fCD27-4-1BB-CD3C (SEQ ID NO: 12),
or f{CD27-CD28-4-1BB-CD3¢ (SEQ ID NO: 13) recognize
CD70-expressing RCC tumor cells in vitro.

[0117] Human T cells were transduced with an empty
retroviral vector (MSGV1) or a retroviral vector encoding
one of the constructs set forth in Table 9A. Transduced cells
were cultured alone (medium) or co-cultured with control
target cells 624 mel, 624/CD70, 938 mel, or 938 mel cells
transduced to express CD70 (938/CD70) or RCC target cells
RCC 2245R, RCC 2246R, RCC 2361R, or RCC 1764. ITFN-y
secretion was measured. The results are shown in FIG. 3. As
shown in FIG. 3, human T cells transduced with fCD27-
CD3C (SEQID NO: 7), ACD27-4-1BB-CD3C (SEQ ID NO:
9), ACD27-CD28-4-1BB-CD3¢ (SEQ ID NO: 10), {CD27-
4-1BB-CD3C (SEQ ID NO: 12), or fCD27-CD28-4-1BB-
CD3¢ (SEQ ID NO: 13) recognize CD70-expressing RCC
tumor cells in vitro.

EXAMPLE 9

[0118] This example demonstrates the selection of a
ACD27-4-1BB-CD3¢ ((SEQ ID NO: 9) retroviral-vector
producing packaging clone.

[0119] Retroviral packaging cell line PG13 clones A2,
A10, B3, C1, E3, G2, were untransduced or transduced with
a retroviral vector encoding ACD27-4-1BB-CD3C ((SEQ ID
NO: 9). Table 10 shows the percentage of cells with the
indicated phenotypes as measured by FACS.

TABLE 10

Phenotype (%)

CD3-/ CD3+/
CD3+/CD27+ CD27+ CD27- CD3-/CD27-
A2 32.6 0.30 65.9 1.16
Al0 31.0 0.34 67.7 0.94
B3 27.6 0.25 71.2 0.91
C1 30.0 0.33 68.7 0.94
E3 40.9 0.40 57.8 0.95
G2 18.6 0.17 80.3 0.95
Untransduced (UT) 0.12 0.020 98.6 1.28

[0120] The transduced clones were cultured alone (me-
dium) or co-cultured with target control cells 938 mel,
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938/CD70, SNU1079, SNU1196, or target RCC cell lines
RCC 2245R, RCC 2246R, RCC 2361R, or RCC 1764. ITFN-y
secretion was measured. The results are shown in FIG. 4. As
shown in FIG. 4, retroviral packaging clone E3 demon-
strated reactivity against CD70-expressing target tumor cell
lines.

[0121] Retroviral packaging cell clones were transduced
with a CAR as set forth in Table 11. Table 11 shows the
percentage of cells with the indicated phenotypes as mea-
sured by FACS.

TABLE 11

Phenotype (%)

CD3+/ CD3+/

CD27+ CD3-/CD27+ CD27- CD3-/CD27-
PG13/B11/fCD27- 73.5 1.37 245 0.62
CD3T (SEQ ID NO:
7
PG13/A2/ACD27-4-  34.7 0.57 63.5 1.18
1BB-CD3% (SEQ
ID NO: 9)
PG13/E3/ACD27-4-  50.7 1.23 47.0 1.07
1BB-CD3% (SEQ
ID NO: 9)
PG13/C5/fCD27- 45.7 1.48 514 1.43
CD28-4-1BB-
CD3T (SEQ ID NO:
13)
RD114/D2/fCD27- 30.7 0.65 67.8 0.91
CD28-4-1BB-
CD3T (SEQ ID NO:
13)
Untransduced (UT) 0.26 345 x 1073 98.9 1.71

[0122] The transduced clones were cultured alone (me-
dium) or co-cultured with target control cells 938 mel,
938/CD70, SNU1079, SNU1196, or target RCC cell lines
RCC 2245R, RCC 2246R, RCC 2361R, or RCC 1764. ITFN-y
secretion was measured. The results are shown in FIG. 5. As
shown in FIG. 5, retroviral packaging clone E3 demon-
strated reactivity against CD70-expressing target tumor cell
lines.

[0123] Based on its transduction efficiency and tumor
activity, retroviral packaging clone E3/ACD27-4-1BB-
CD3C (SEQ ID NO: 9) was chosen for clinical use.
[0124] All references, including publications, patent appli-
cations, and patents, cited herein are hereby incorporated by
reference to the same extent as if each reference were
individually and specifically indicated to be incorporated by
reference and were set forth in its entirety herein.

[0125] The use of the terms “a” and “an” and “the” and
similar referents in the context of describing the invention
(especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless
otherwise indicated herein or clearly contradicted by con-
text. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e.,
meaning “including, but not limited to,”) unless otherwise
noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring indi-
vidually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually
recited herein. All methods described herein can be per-
formed in any suitable order unless otherwise indicated
herein or otherwise clearly contradicted by context. The use
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of any and all examples, or exemplary language (e.g., “such
as”) provided herein, is intended merely to better illuminate
the invention and does not pose a limitation on the scope of
the invention unless otherwise claimed. No language in the
specification should be construed as indicating any non-
claimed element as essential to the practice of the invention.

[0126] Preferred embodiments of this invention are
described herein, including the best mode known to the
inventors for carrying out the invention. Variations of those
preferred embodiments may become apparent to those of

ordinary skill in the art upon reading the foregoing descrip-
tion. The inventors expect skilled artisans to employ such
variations as appropriate, and the inventors intend for the
invention to be practiced otherwise than as specifically
described herein. Accordingly, this invention includes all
modifications and equivalents of the subject matter recited in
the claims appended hereto as permitted by applicable law.
Moreover, any combination of the above-described elements
in all possible variations thereof is encompassed by the
invention unless otherwise indicated herein or otherwise
clearly contradicted by context.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 27
<210>
<211>
<212>

<213>

SEQ ID NO 1

LENGTH: 193

TYPE: PRT

ORGANISM: Homo sapiens
<400> SEQUENCE: 1

Met Pro Glu Glu Gly
1 5

Val
10

Ser Gly Cys Ser Arg Arg Arg

Val Ala Ala Val Pro Val Ala

25

Cys Leu Arg Leu

20

Leu Gly

Val
35

Val Ile Gln Phe Ala Gln Ala Gln

45

Cys Leu Cys Arg

40

Leu Glu Ser Leu Val Ala Glu Gln

50

Pro Gly Trp

55

Asp Leu

60

Thr
65

Gly Pro Gln Gln Asp Pro Leu Gln

70

Arg Tyr Trp

75

Gly

Phe
85

Glu
90

Leu Gly Arg Ser Leu His Gly Pro Leu Asp Lys

Ile Ile Met

105

Arg His Arg Val His Ile Gln

100

Asp Gly Tyr

Ala Ile Thr Thr Ala

120

Pro
125

Cys Ser Ser Ser His His

115

Arg

Ala Val

130

Ile Ala Ile

140

Pro Ser

135

Gly Cys Ser Arg Ser Ser

Leu Ser Phe His Gln Thr Ile Ala Gln

145

Gly
150

Cys Ser

155

Arg

Leu Ala Arg Gly Asp Thr Leu Thr Thr

165

Cys Asn Leu

170

Gly

Thr Glu Thr Phe

185

Asn Phe Val Gln

180

Pro Ser Arg Asp Gly

Pro

<210>
<211>
<212>
<213>

SEQ ID NO 2

LENGTH: 260

TYPE: PRT

ORGANISM: Homo sapiens
<400> SEQUENCE: 2

Met Ala Arg Pro His Pro Trp Trp Leu Cys Val Leu Gly
1 5 10

Gly Leu Ser Ala Thr Pro Ala Pro Lys Ser Cys Pro Glu
20 25

Pro Tyr

15

Gly

Leu Val Ile

30
Gln

Gln Leu

Leu Asn His

Ala
80

Gly Pro

Gln
95

Gly Leu

Val
110

Thr Leu

Thr Thr Leu

Leu Leu Arg

Thr Pro

160

Leu

Thr Leu Leu

175
Trp Val
190

Arg

Thr Leu Val
15

Arg His Tyr
30
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-continued

Trp Ala Gln Gly Lys Leu Cys Cys Gln Met Cys Glu Pro Gly Thr Phe
35 40 45

Leu Val Lys Asp Cys Asp Gln His Arg Lys Ala Ala Gln Cys Asp Pro
50 55 60

Cys Ile Pro Gly Val Ser Phe Ser Pro Asp His His Thr Arg Pro His
65 70 75 80

Cys Glu Ser Cys Arg His Cys Asn Ser Gly Leu Leu Val Arg Asn Cys
Thr Ile Thr Ala Asn Ala Glu Cys Ala Cys Arg Asn Gly Trp Gln Cys
100 105 110

Arg Asp Lys Glu Cys Thr Glu Cys Asp Pro Leu Pro Asn Pro Ser Leu
115 120 125

Thr Ala Arg Ser Ser Gln Ala Leu Ser Pro His Pro Gln Pro Thr His
130 135 140

Leu Pro Tyr Val Ser Glu Met Leu Glu Ala Arg Thr Ala Gly His Met
145 150 155 160

Gln Thr Leu Ala Asp Phe Arg Gln Leu Pro Ala Arg Thr Leu Ser Thr
165 170 175

His Trp Pro Pro Gln Arg Ser Leu Cys Ser Ser Asp Phe Ile Arg Ile
180 185 190

Leu Val Ile Phe Ser Gly Met Phe Leu Val Phe Thr Leu Ala Gly Ala
195 200 205

Leu Phe Leu His Gln Arg Arg Lys Tyr Arg Ser Asn Lys Gly Glu Ser
210 215 220

Pro Val Glu Pro Ala Glu Pro Cys Arg Tyr Ser Cys Pro Arg Glu Glu
225 230 235 240

Glu Gly Ser Thr Ile Pro Ile Gln Glu Asp Tyr Arg Lys Pro Glu Pro
245 250 255

Ala Cys Ser Pro
260

<210> SEQ ID NO 3

<211> LENGTH: 211

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Met Ala Arg Pro His Pro Trp Trp Leu Cys Val Leu Gly Thr Leu Val
1 5 10 15

Gly Leu Ser Ala Thr Pro Ala Pro Lys Ser Cys Pro Glu Arg His Tyr

Trp Ala Gln Gly Lys Leu Cys Cys Gln Met Cys Glu Pro Gly Thr Phe
35 40 45

Leu Val Lys Asp Cys Asp Gln His Arg Lys Ala Ala Gln Cys Asp Pro
50 55 60

Cys Ile Pro Gly Val Ser Phe Ser Pro Asp His His Thr Arg Pro His
65 70 75 80

Cys Glu Ser Cys Arg His Cys Asn Ser Gly Leu Leu Val Arg Asn Cys
85 90 95

Thr Ile Thr Ala Asn Ala Glu Cys Ala Cys Arg Asn Gly Trp Gln Cys
100 105 110

Arg Asp Lys Glu Cys Thr Glu Cys Asp Pro Leu Pro Asn Pro Ser Leu
115 120 125
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-continued

Thr Ala Arg Ser Ser Gln Ala Leu Ser Pro His Pro Gln Pro Thr His
130 135 140

Leu Pro Tyr Val Ser Glu Met Leu Glu Ala Arg Thr Ala Gly His Met
145 150 155 160

Gln Thr Leu Ala Asp Phe Arg Gln Leu Pro Ala Arg Thr Leu Ser Thr
165 170 175

His Trp Pro Pro Gln Arg Ser Leu Cys Ser Ser Asp Phe Ile Arg Ile
180 185 190

Leu Val Ile Phe Ser Gly Met Phe Leu Val Phe Thr Leu Ala Gly Ala
195 200 205

Leu Phe Leu
210

<210> SEQ ID NO 4

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Arg Val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr Gln Gln Gly
1 5 10 15

Gln Asn Gln Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr
20 25 30

Asp Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys
35 40 45

Pro Arg Arg Lys Asn Pro Gln Glu Gly Leu Tyr Asn Glu Leu Gln Lys
50 55 60

Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg
65 70 75 80

Arg Arg Gly Lys Gly His Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala
85 90 95

Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gln Ala Leu Pro Pro Arg
100 105 110

<210> SEQ ID NO 5

<211> LENGTH: 47

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

Arg Phe Ser Val Val Lys Arg Gly Arg Lys Lys Leu Leu Tyr Ile Phe
1 5 10 15

Lys Gln Pro Phe Met Arg Pro Val Gln Thr Thr Gln Glu Glu Asp Gly
20 25 30

Cys Ser Cys Arg Phe Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu
35 40 45

<210> SEQ ID NO 6

<211> LENGTH: 41

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

Arg Ser Lys Arg Ser Arg Leu Leu His Ser Asp Tyr Met Asn Met Thr
1 5 10 15



US 2018/0208671 Al Jul. 26,2018
19

-continued

Pro Arg Arg Pro Gly Pro Thr Arg Lys His Tyr Gln Pro Tyr Ala Pro
20 25 30

Pro Arg Asp Phe Ala Ala Tyr Arg Ser
35 40

<210> SEQ ID NO 7

<211> LENGTH: 372

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 7

Met Ala Arg Pro His Pro Trp Trp Leu Cys Val Leu Gly Thr Leu Val
1 5 10 15

Gly Leu Ser Ala Thr Pro Ala Pro Lys Ser Cys Pro Glu Arg His Tyr
20 25 30

Trp Ala Gln Gly Lys Leu Cys Cys Gln Met Cys Glu Pro Gly Thr Phe
35 40 45

Leu Val Lys Asp Cys Asp Gln His Arg Lys Ala Ala Gln Cys Asp Pro
50 55 60

Cys Ile Pro Gly Val Ser Phe Ser Pro Asp His His Thr Arg Pro His
65 70 75 80

Cys Glu Ser Cys Arg His Cys Asn Ser Gly Leu Leu Val Arg Asn Cys
Thr Ile Thr Ala Asn Ala Glu Cys Ala Cys Arg Asn Gly Trp Gln Cys
100 105 110

Arg Asp Lys Glu Cys Thr Glu Cys Asp Pro Leu Pro Asn Pro Ser Leu
115 120 125

Thr Ala Arg Ser Ser Gln Ala Leu Ser Pro His Pro Gln Pro Thr His
130 135 140

Leu Pro Tyr Val Ser Glu Met Leu Glu Ala Arg Thr Ala Gly His Met
145 150 155 160

Gln Thr Leu Ala Asp Phe Arg Gln Leu Pro Ala Arg Thr Leu Ser Thr
165 170 175

His Trp Pro Pro Gln Arg Ser Leu Cys Ser Ser Asp Phe Ile Arg Ile
180 185 190

Leu Val Ile Phe Ser Gly Met Phe Leu Val Phe Thr Leu Ala Gly Ala
195 200 205

Leu Phe Leu His Gln Arg Arg Lys Tyr Arg Ser Asn Lys Gly Glu Ser
210 215 220

Pro Val Glu Pro Ala Glu Pro Cys Arg Tyr Ser Cys Pro Arg Glu Glu
225 230 235 240

Glu Gly Ser Thr Ile Pro Ile Gln Glu Asp Tyr Arg Lys Pro Glu Pro
245 250 255

Ala Cys Ser Pro Arg Val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala
260 265 270

Tyr Gln Gln Gly Gln Asn Gln Leu Tyr Asn Glu Leu Asn Leu Gly Arg
275 280 285

Arg Glu Glu Tyr Asp Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu
290 295 300

Met Gly Gly Lys Pro Arg Arg Lys Asn Pro Gln Glu Gly Leu Tyr Asn
305 310 315 320
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-continued

Glu Leu Gln Lys Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met
325 330 335

Lys Gly Glu Arg Arg Arg Gly Lys Gly His Asp Gly Leu Tyr Gln Gly
340 345 350

Leu Ser Thr Ala Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gln Ala
355 360 365

Leu Pro Pro Arg
370

<210> SEQ ID NO 8

<211> LENGTH: 364

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 8

Met Ala Arg Pro His Pro Trp Trp Leu Cys Val Leu Gly Thr Leu Val
1 5 10 15

Gly Leu Ser Ala Thr Pro Ala Pro Lys Ser Cys Pro Glu Arg His Tyr
20 25 30

Trp Ala Gln Gly Lys Leu Cys Cys Gln Met Cys Glu Pro Gly Thr Phe
35 40 45

Leu Val Lys Asp Cys Asp Gln His Arg Lys Ala Ala Gln Cys Asp Pro
Cys Ile Pro Gly Val Ser Phe Ser Pro Asp His His Thr Arg Pro His
65 70 75 80

Cys Glu Ser Cys Arg His Cys Asn Ser Gly Leu Leu Val Arg Asn Cys
85 90 95

Thr Ile Thr Ala Asn Ala Glu Cys Ala Cys Arg Asn Gly Trp Gln Cys
100 105 110

Arg Asp Lys Glu Cys Thr Glu Cys Asp Pro Leu Pro Asn Pro Ser Leu
115 120 125

Thr Ala Arg Ser Ser Gln Ala Leu Ser Pro His Pro Gln Pro Thr His
130 135 140

Leu Pro Tyr Val Ser Glu Met Leu Glu Ala Arg Thr Ala Gly His Met
145 150 155 160

Gln Thr Leu Ala Asp Phe Arg Gln Leu Pro Ala Arg Thr Leu Ser Thr
165 170 175

His Trp Pro Pro Gln Arg Ser Leu Cys Ser Ser Asp Phe Ile Arg Ile
180 185 190

Leu Val Ile Phe Ser Gly Met Phe Leu Val Phe Thr Leu Ala Gly Ala
195 200 205

Leu Phe Leu Arg Ser Lys Arg Ser Arg Leu Leu His Ser Asp Tyr Met
210 215 220

Asn Met Thr Pro Arg Arg Pro Gly Pro Thr Arg Lys His Tyr Gln Pro
225 230 235 240

Tyr Ala Pro Pro Arg Asp Phe Ala Ala Tyr Arg Ser Arg Val Lys Phe
245 250 255

Ser Arg Ser Ala Asp Ala Pro Ala Tyr Gln Gln Gly Gln Asn Gln Leu
260 265 270

Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr Asp Val Leu Asp
275 280 285
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-continued

Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys Pro Arg Arg Lys
290 295 300

Asn Pro Gln Glu Gly Leu Tyr Asn Glu Leu Gln Lys Asp Lys Met Ala
305 310 315 320

Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg Arg Arg Gly Lys
325 330 335

Gly His Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala Thr Lys Asp Thr
340 345 350

Tyr Asp Ala Leu His Met Gln Ala Leu Pro Pro Arg
355 360

<210> SEQ ID NO 9

<211> LENGTH: 370

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 9

Met Ala Arg Pro His Pro Trp Trp Leu Cys Val Leu Gly Thr Leu Val
1 5 10 15

Gly Leu Ser Ala Thr Pro Ala Pro Lys Ser Cys Pro Glu Arg His Tyr
20 25 30

Trp Ala Gln Gly Lys Leu Cys Cys Gln Met Cys Glu Pro Gly Thr Phe
35 40 45

Leu Val Lys Asp Cys Asp Gln His Arg Lys Ala Ala Gln Cys Asp Pro
50 55 60

Cys Ile Pro Gly Val Ser Phe Ser Pro Asp His His Thr Arg Pro His
65 70 75 80

Cys Glu Ser Cys Arg His Cys Asn Ser Gly Leu Leu Val Arg Asn Cys
85 90 95

Thr Ile Thr Ala Asn Ala Glu Cys Ala Cys Arg Asn Gly Trp Gln Cys
100 105 110

Arg Asp Lys Glu Cys Thr Glu Cys Asp Pro Leu Pro Asn Pro Ser Leu
115 120 125

Thr Ala Arg Ser Ser Gln Ala Leu Ser Pro His Pro Gln Pro Thr His
130 135 140

Leu Pro Tyr Val Ser Glu Met Leu Glu Ala Arg Thr Ala Gly His Met
145 150 155 160

Gln Thr Leu Ala Asp Phe Arg Gln Leu Pro Ala Arg Thr Leu Ser Thr
165 170 175

His Trp Pro Pro Gln Arg Ser Leu Cys Ser Ser Asp Phe Ile Arg Ile
180 185 190

Leu Val Ile Phe Ser Gly Met Phe Leu Val Phe Thr Leu Ala Gly Ala
195 200 205

Leu Phe Leu Arg Phe Ser Val Val Lys Arg Gly Arg Lys Lys Leu Leu
210 215 220

Tyr Ile Phe Lys Gln Pro Phe Met Arg Pro Val Gln Thr Thr Gln Glu
225 230 235 240

Glu Asp Gly Cys Ser Cys Arg Phe Pro Glu Glu Glu Glu Gly Gly Cys
245 250 255

Glu Leu Arg Val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr Gln
260 265 270
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Gln Gly Gln Asn Gln Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu
275 280 285

Glu Tyr Asp Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly
290 295 300

Gly Lys Pro Arg Arg Lys Asn Pro Gln Glu Gly Leu Tyr Asn Glu Leu
305 310 315 320

Gln Lys Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly
325 330 335

Glu Arg Arg Arg Gly Lys Gly His Asp Gly Leu Tyr Gln Gly Leu Ser
340 345 350

Thr Ala Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gln Ala Leu Pro
355 360 365

Pro Arg
370

<210> SEQ ID NO 10

<211> LENGTH: 411

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 10

Met Ala Arg Pro His Pro Trp Trp Leu Cys Val Leu Gly Thr Leu Val
1 5 10 15

Gly Leu Ser Ala Thr Pro Ala Pro Lys Ser Cys Pro Glu Arg His Tyr
20 25 30

Trp Ala Gln Gly Lys Leu Cys Cys Gln Met Cys Glu Pro Gly Thr Phe
35 40 45

Leu Val Lys Asp Cys Asp Gln His Arg Lys Ala Ala Gln Cys Asp Pro
50 55 60

Cys Ile Pro Gly Val Ser Phe Ser Pro Asp His His Thr Arg Pro His
65 70 75 80

Cys Glu Ser Cys Arg His Cys Asn Ser Gly Leu Leu Val Arg Asn Cys
85 90 95

Thr Ile Thr Ala Asn Ala Glu Cys Ala Cys Arg Asn Gly Trp Gln Cys
100 105 110

Arg Asp Lys Glu Cys Thr Glu Cys Asp Pro Leu Pro Asn Pro Ser Leu
115 120 125

Thr Ala Arg Ser Ser Gln Ala Leu Ser Pro His Pro Gln Pro Thr His
130 135 140

Leu Pro Tyr Val Ser Glu Met Leu Glu Ala Arg Thr Ala Gly His Met
145 150 155 160

Gln Thr Leu Ala Asp Phe Arg Gln Leu Pro Ala Arg Thr Leu Ser Thr
165 170 175

His Trp Pro Pro Gln Arg Ser Leu Cys Ser Ser Asp Phe Ile Arg Ile
180 185 190

Leu Val Ile Phe Ser Gly Met Phe Leu Val Phe Thr Leu Ala Gly Ala
195 200 205

Leu Phe Leu Arg Ser Lys Arg Ser Arg Leu Leu His Ser Asp Tyr Met
210 215 220

Asn Met Thr Pro Arg Arg Pro Gly Pro Thr Arg Lys His Tyr Gln Pro
225 230 235 240



US 2018/0208671 Al Jul. 26,2018
23

-continued

Tyr Ala Pro Pro Arg Asp Phe Ala Ala Tyr Arg Ser Arg Phe Ser Val
245 250 255

Val Lys Arg Gly Arg Lys Lys Leu Leu Tyr Ile Phe Lys Gln Pro Phe
260 265 270

Met Arg Pro Val Gln Thr Thr Gln Glu Glu Asp Gly Cys Ser Cys Arg
275 280 285

Phe Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu Arg Val Lys Phe Ser
290 295 300

Arg Ser Ala Asp Ala Pro Ala Tyr Gln Gln Gly Gln Asn Gln Leu Tyr
305 310 315 320

Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr Asp Val Leu Asp Lys
325 330 335

Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys Pro Arg Arg Lys Asn
340 345 350

Pro Gln Glu Gly Leu Tyr Asn Glu Leu Gln Lys Asp Lys Met Ala Glu
355 360 365

Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg Arg Arg Gly Lys Gly
370 375 380

His Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala Thr Lys Asp Thr Tyr
385 390 395 400

Asp Ala Leu His Met Gln Ala Leu Pro Pro Arg
405 410

<210> SEQ ID NO 11

<211> LENGTH: 413

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 11

Met Ala Arg Pro His Pro Trp Trp Leu Cys Val Leu Gly Thr Leu Val
1 5 10 15

Gly Leu Ser Ala Thr Pro Ala Pro Lys Ser Cys Pro Glu Arg His Tyr
20 25 30

Trp Ala Gln Gly Lys Leu Cys Cys Gln Met Cys Glu Pro Gly Thr Phe
35 40 45

Leu Val Lys Asp Cys Asp Gln His Arg Lys Ala Ala Gln Cys Asp Pro
50 55 60

Cys Ile Pro Gly Val Ser Phe Ser Pro Asp His His Thr Arg Pro His
65 70 75 80

Cys Glu Ser Cys Arg His Cys Asn Ser Gly Leu Leu Val Arg Asn Cys
85 90 95

Thr Ile Thr Ala Asn Ala Glu Cys Ala Cys Arg Asn Gly Trp Gln Cys
100 105 110

Arg Asp Lys Glu Cys Thr Glu Cys Asp Pro Leu Pro Asn Pro Ser Leu
115 120 125

Thr Ala Arg Ser Ser Gln Ala Leu Ser Pro His Pro Gln Pro Thr His
130 135 140

Leu Pro Tyr Val Ser Glu Met Leu Glu Ala Arg Thr Ala Gly His Met
145 150 155 160

Gln Thr Leu Ala Asp Phe Arg Gln Leu Pro Ala Arg Thr Leu Ser Thr
165 170 175
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His Trp Pro Pro Gln Arg Ser Leu Cys Ser Ser Asp Phe Ile Arg Ile
180 185 190

Leu Val Ile Phe Ser Gly Met Phe Leu Val Phe Thr Leu Ala Gly Ala
195 200 205

Leu Phe Leu His Gln Arg Arg Lys Tyr Arg Ser Asn Lys Gly Glu Ser
210 215 220

Pro Val Glu Pro Ala Glu Pro Cys Arg Tyr Ser Cys Pro Arg Glu Glu
225 230 235 240

Glu Gly Ser Thr Ile Pro Ile Gln Glu Asp Tyr Arg Lys Pro Glu Pro
245 250 255

Ala Cys Ser Pro Arg Ser Lys Arg Ser Arg Leu Leu His Ser Asp Tyr
260 265 270

Met Asn Met Thr Pro Arg Arg Pro Gly Pro Thr Arg Lys His Tyr Gln
275 280 285

Pro Tyr Ala Pro Pro Arg Asp Phe Ala Ala Tyr Arg Ser Arg Val Lys
290 295 300

Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr Gln Gln Gly Gln Asn Gln
305 310 315 320

Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr Asp Val Leu
325 330 335

Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys Pro Arg Arg
340 345 350

Lys Asn Pro Gln Glu Gly Leu Tyr Asn Glu Leu Gln Lys Asp Lys Met
355 360 365

Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg Arg Arg Gly
370 375 380

Lys Gly His Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala Thr Lys Asp
385 390 395 400

Thr Tyr Asp Ala Leu His Met Gln Ala Leu Pro Pro Arg
405 410

<210> SEQ ID NO 12

<211> LENGTH: 419

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 12

Met Ala Arg Pro His Pro Trp Trp Leu Cys Val Leu Gly Thr Leu Val
1 5 10 15

Gly Leu Ser Ala Thr Pro Ala Pro Lys Ser Cys Pro Glu Arg His Tyr
20 25 30

Trp Ala Gln Gly Lys Leu Cys Cys Gln Met Cys Glu Pro Gly Thr Phe
35 40 45

Leu Val Lys Asp Cys Asp Gln His Arg Lys Ala Ala Gln Cys Asp Pro
50 55 60

Cys Ile Pro Gly Val Ser Phe Ser Pro Asp His His Thr Arg Pro His
Cys Glu Ser Cys Arg His Cys Asn Ser Gly Leu Leu Val Arg Asn Cys
85 90 95

Thr Ile Thr Ala Asn Ala Glu Cys Ala Cys Arg Asn Gly Trp Gln Cys
100 105 110
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Arg Asp Lys Glu Cys Thr Glu Cys Asp Pro Leu Pro Asn Pro Ser Leu
115 120 125

Thr Ala Arg Ser Ser Gln Ala Leu Ser Pro His Pro Gln Pro Thr His
130 135 140

Leu Pro Tyr Val Ser Glu Met Leu Glu Ala Arg Thr Ala Gly His Met
145 150 155 160

Gln Thr Leu Ala Asp Phe Arg Gln Leu Pro Ala Arg Thr Leu Ser Thr
165 170 175

His Trp Pro Pro Gln Arg Ser Leu Cys Ser Ser Asp Phe Ile Arg Ile
180 185 190

Leu Val Ile Phe Ser Gly Met Phe Leu Val Phe Thr Leu Ala Gly Ala
195 200 205

Leu Phe Leu His Gln Arg Arg Lys Tyr Arg Ser Asn Lys Gly Glu Ser
210 215 220

Pro Val Glu Pro Ala Glu Pro Cys Arg Tyr Ser Cys Pro Arg Glu Glu
225 230 235 240

Glu Gly Ser Thr Ile Pro Ile Gln Glu Asp Tyr Arg Lys Pro Glu Pro
245 250 255

Ala Cys Ser Pro Arg Phe Ser Val Val Lys Arg Gly Arg Lys Lys Leu
260 265 270

Leu Tyr Ile Phe Lys Gln Pro Phe Met Arg Pro Val Gln Thr Thr Gln
275 280 285

Glu Glu Asp Gly Cys Ser Cys Arg Phe Pro Glu Glu Glu Glu Gly Gly
290 295 300

Cys Glu Leu Arg Val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr
305 310 315 320

Gln Gln Gly Gln Asn Gln Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg
325 330 335

Glu Glu Tyr Asp Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met
340 345 350

Gly Gly Lys Pro Arg Arg Lys Asn Pro Gln Glu Gly Leu Tyr Asn Glu
355 360 365

Leu Gln Lys Asp Lys Met Ala Glu Ala Tyr Ser Glu Ile Gly Met Lys
370 375 380

Gly Glu Arg Arg Arg Gly Lys Gly His Asp Gly Leu Tyr Gln Gly Leu
385 390 395 400

Ser Thr Ala Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gln Ala Leu
405 410 415

Pro Pro Arg

<210> SEQ ID NO 13

<211> LENGTH: 460

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 13

Met Ala Arg Pro His Pro Trp Trp Leu Cys Val Leu Gly Thr Leu Val
1 5 10 15

Gly Leu Ser Ala Thr Pro Ala Pro Lys Ser Cys Pro Glu Arg His Tyr
20 25 30

Trp Ala Gln Gly Lys Leu Cys Cys Gln Met Cys Glu Pro Gly Thr Phe
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35 40 45

Leu Val Lys Asp Cys Asp Gln His Arg Lys Ala Ala Gln Cys Asp Pro
50 55 60

Cys Ile Pro Gly Val Ser Phe Ser Pro Asp His His Thr Arg Pro His
65 70 75 80

Cys Glu Ser Cys Arg His Cys Asn Ser Gly Leu Leu Val Arg Asn Cys
Thr Ile Thr Ala Asn Ala Glu Cys Ala Cys Arg Asn Gly Trp Gln Cys
100 105 110

Arg Asp Lys Glu Cys Thr Glu Cys Asp Pro Leu Pro Asn Pro Ser Leu
115 120 125

Thr Ala Arg Ser Ser Gln Ala Leu Ser Pro His Pro Gln Pro Thr His
130 135 140

Leu Pro Tyr Val Ser Glu Met Leu Glu Ala Arg Thr Ala Gly His Met
145 150 155 160

Gln Thr Leu Ala Asp Phe Arg Gln Leu Pro Ala Arg Thr Leu Ser Thr
165 170 175

His Trp Pro Pro Gln Arg Ser Leu Cys Ser Ser Asp Phe Ile Arg Ile
180 185 190

Leu Val Ile Phe Ser Gly Met Phe Leu Val Phe Thr Leu Ala Gly Ala
195 200 205

Leu Phe Leu His Gln Arg Arg Lys Tyr Arg Ser Asn Lys Gly Glu Ser
210 215 220

Pro Val Glu Pro Ala Glu Pro Cys Arg Tyr Ser Cys Pro Arg Glu Glu
225 230 235 240

Glu Gly Ser Thr Ile Pro Ile Gln Glu Asp Tyr Arg Lys Pro Glu Pro
245 250 255

Ala Cys Ser Pro Arg Ser Lys Arg Ser Arg Leu Leu His Ser Asp Tyr
260 265 270

Met Asn Met Thr Pro Arg Arg Pro Gly Pro Thr Arg Lys His Tyr Gln
275 280 285

Pro Tyr Ala Pro Pro Arg Asp Phe Ala Ala Tyr Arg Ser Arg Phe Ser
290 295 300

Val Val Lys Arg Gly Arg Lys Lys Leu Leu Tyr Ile Phe Lys Gln Pro
305 310 315 320

Phe Met Arg Pro Val Gln Thr Thr Gln Glu Glu Asp Gly Cys Ser Cys
325 330 335

Arg Phe Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu Arg Val Lys Phe
340 345 350

Ser Arg Ser Ala Asp Ala Pro Ala Tyr Gln Gln Gly Gln Asn Gln Leu
355 360 365

Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr Asp Val Leu Asp
370 375 380

Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys Pro Arg Arg Lys
385 390 395 400

Asn Pro Gln Glu Gly Leu Tyr Asn Glu Leu Gln Lys Asp Lys Met Ala
405 410 415

Glu Ala Tyr Ser Glu Ile Gly Met Lys Gly Glu Arg Arg Arg Gly Lys
420 425 430

Gly His Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala Thr Lys Asp Thr
435 440 445
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Tyr Asp Ala Leu His Met Gln Ala Leu Pro Pro Arg
450 455 460

<210> SEQ ID NO 14

<211> LENGTH: 1119

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 14

atggcacgge cacatcectg gtggetgtge gttetgggga cectggtggg getctcaget
actccagece ccaagagetg cccagagagg cactactggg ctcagggaaa getgtgetge
cagatgtgtyg agccaggaac attcctegtg aaggactgtg accagcatag aaaggcetget
cagtgtgatc cttgcatacce gggggtctee ttetetectg accaccacac ccggecccac
tgtgagagct gtcggecactg taactctggt cttetegtte gecaactgcac catcactgece
aatgctgagt gtgcctgteg caatggetgg cagtgcaggg acaaggagtyg caccgagtgt
gatcctette caaaccctte getgaccget cggtegtete aggccctgag cccacaccct
cagcccacce acttacctta tgtcagtgag atgectggagg ccaggacage tgggcacatg
cagactctgg ctgacttcag gcagetgect geccggacte tetctaccca ctggecacece
caaagatcce tgtgcagete cgattttatt cgeatcettg tgatcttete tggaatgtte
cttgttttca cecctggecgg ggccctgtte ctecatcaac gaaggaaata tagatcaaac
aaaggagaaa gtcctgtgga gectgeagag ccttgtegtt acagetgece cagggaggag
gagggcagca ccatccccat ccaggaggat taccgaaaac cggagectge ctgeteccec
agagtgaagt tcagcaggag cgcagacgcce ccegegtace agcagggeca gaaccagcete
tataacgagce tcaatctagg acgaagagag gagtacgatg ttttggacaa gagacgtgge
cgggaccctyg agatgggggg aaagccgaga aggaagaacce ctcaggaagg cctgtacaat
gaactgcaga aagataagat ggcggaggcce tacagtgaga ttgggatgaa aggcgagege
cggaggggca aggggcacga tggectttac cagggteteca gtacagccac caaggacacce
tacgacgcce ttcacatgea ggecctgece cctegetaa

<210> SEQ ID NO 15

<211> LENGTH: 1095

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 15

atggcacgge cacatcectg gtggetgtge gttetgggga cectggtggg getctcaget
actccagece ccaagagetg cccagagagg cactactggg ctcagggaaa getgtgetge
cagatgtgtyg agccaggaac attcctegtg aaggactgtg accagcatag aaaggcetget
cagtgtgatc cttgcatacce gggggtctee ttetetectg accaccacac ccggecccac
tgtgagagct gtcggecactg taactctggt cttetegtte gecaactgcac catcactgece

aatgctgagt gtgcctgteg caatggetgg cagtgcaggg acaaggagtyg caccgagtgt

gatcctette caaaccctte getgaccget cggtegtete aggccctgag cccacaccct

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1119

60

120

180

240

300

360

420
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cagcccaccce acttacctta tgtcagtgag atgctggagg ccaggacagce tgggcacatg 480
cagactctgg ctgacttcag gcagctgcct gcccggacte tctctaccca ctggecaccce 540
caaagatccc tgtgcagctc cgattttatt cgcatccttg tgatcttcte tggaatgttce 600
cttgttttca cecectggcegg ggeccctgtte ctcaggagta agaggagcag gctectgcac 660
agtgactaca tgaacatgac tccccgccge cccgggecca cccgcaagca ttaccagecce 720
tatgeccccac cacgcgactt cgcagcctat cgctccagag tgaagttcag caggagcgca 780
gacgcceceg cgtaccagca gggccagaac cagctctata acgagctcaa tctaggacga 840

agagaggagt acgatgtttt ggacaagaga cgtggccggg accctgagat ggggggaaag 900
ccgagaagga agaaccctca ggaaggectg tacaatgaac tgcagaaaga taagatggceg 960
gaggcctaca gtgagattgg gatgaaaggc gagcgccgga ggggcaaggg gcacgatgge 1020
ctttaccagg gtctcagtac agccaccaag gacacctacg acgcccttceca catgcaggcece 1080
ctgccececte gctaa 1095
<210> SEQ ID NO 16

<211> LENGTH: 1113

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 16

atggcacgge cacatcectg gtggetgtge gttetgggga cectggtggg getctcaget 60
actccagece ccaagagetg cccagagagg cactactggg ctcagggaaa getgtgetge 120
cagatgtgtyg agccaggaac attcctegtg aaggactgtg accagcatag aaaggcetget 180
cagtgtgatc cttgcatacce gggggtctee ttetetectg accaccacac ccggecccac 240
tgtgagagct gtcggecactg taactctggt cttetegtte gecaactgcac catcactgece 300
aatgctgagt gtgcctgteg caatggetgg cagtgcaggg acaaggagtyg caccgagtgt 360
gatcctette caaaccctte getgaccget cggtegtete aggccctgag cccacaccct 420
cagcccacce acttacctta tgtcagtgag atgectggagg ccaggacage tgggcacatg 480
cagactctgg ctgacttcag gcagetgect geccggacte tetctaccca ctggecacece 540
caaagatcce tgtgcagete cgattttatt cgeatcettg tgatcttete tggaatgtte 600
cttgttttca ccctggeegg ggcectgtte cteegtttet ctgttgttaa acggggcaga 660
aagaagctce tgtatatatt caaacaacca tttatgagac cagtacaaac tactcaagag 720
gaagatggct gtagctgceg atttccagaa gaagaagaag gaggatgtga actgagagtg 780
aagttcagca ggagcgcaga cgcccccgeg taccagecagg gecagaacca gcetctataac 840
gagctcaate taggacgaag agaggagtac gatgttttgg acaagagacyg tggccgggac 900
cctgagatgg ggggaaagee gagaaggaag aaccctcagg aaggectgta caatgaactg 960

cagaaagata agatggcgga ggcctacagt gagattggga tgaaaggega gegccggagg 1020

ggcaaggggce acgatggect ttaccagggt ctcagtacag ccaccaagga cacctacgac 1080

gcccttcaca tgcaggeccct gcceccctege taa 1113

<210> SEQ ID NO 17

<211> LENGTH: 1236
<212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 17
atggcacgge cacatccctg gtggetgtge gttetgggga cectggtggyg getctcaget 60
actccagcce ccaagagcetg cccagagagg cactactggg ctcagggaaa gctgtgetge 120
cagatgtgtg agccaggaac attcctegtg aaggactgtyg accagcatag aaaggctgcet 180
cagtgtgatc cttgcatacc gggggtctece ttetctectyg accaccacac ccggecccac 240
tgtgagagct gtcggcactg taactctggt cttectegtte gcaactgcac catcactgee 300
aatgctgagt gtgcctgtceg caatggetgg cagtgcaggyg acaaggagtyg caccgagtgt 360
gatcctette caaaccctte gctgaccget cggtegtete aggccctgag cccacaccct 420
cagceccacce acttacctta tgtcagtgag atgetggagyg ccaggacage tgggcacatg 480
cagactctgg ctgacttcag gcagctgect geccggacte tcetctaccca ctggecacce 540
caaagatcce tgtgcagetce cgattttatt cgecatccttyg tgatcttete tggaatgtte 600
cttgtttteca ccctggecgg ggccectgtte ctcaggagta agaggagcag gctectgcac 660
agtgactaca tgaacatgac tccccgecge ceegggcecca ccecgcaagcea ttaccagece 720
tatgccccac cacgcgactt cgcagectat cgetccegtt tetetgttgt taaacgggge 780
agaaagaagc tcctgtatat attcaaacaa ccatttatga gaccagtaca aactactcaa 840
gaggaagatyg gctgtagcetyg ccgatttcca gaagaagaag aaggaggatg tgaactgaga 900
gtgaagttca gcaggagcge agacgceccce gegtaccage agggccagaa ccagetctat 960
aacgagctca atctaggacg aagagaggag tacgatgttt tggacaagag acgtggccgg 1020
gaccctgaga tggggggaaa gccgagaagg aagaacccte aggaaggect gtacaatgaa 1080
ctgcagaaag ataagatggc ggaggcctac agtgagattyg ggatgaaagyg cgagcgecgg 1140
aggggcaagg ggcacgatgg cctttaccag ggtctcagta cagccaccaa ggacacctac 1200
gacgccctte acatgcaggce cctgcccecct cgctaa 1236
<210> SEQ ID NO 18
<211> LENGTH: 1242
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 18
atggcacgge cacatccctg gtggetgtge gttetgggga cectggtggyg getctcaget 60
actccagcce ccaagagcetg cccagagagg cactactggg ctcagggaaa gctgtgetge 120
cagatgtgtg agccaggaac attcctegtg aaggactgtyg accagcatag aaaggctgcet 180
cagtgtgatc cttgcatacc gggggtctece ttetctectyg accaccacac ccggecccac 240
tgtgagagct gtcggcactg taactctggt cttectegtte gcaactgcac catcactgee 300
aatgctgagt gtgcctgtceg caatggetgg cagtgcaggyg acaaggagtyg caccgagtgt 360
gatcctette caaaccctte gctgaccget cggtegtete aggccctgag cccacaccct 420
cagceccacce acttacctta tgtcagtgag atgetggagyg ccaggacage tgggcacatg 480
cagactctgg ctgacttcag gcagctgect geccggacte tcetctaccca ctggecacce 540
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caaagatccc tgtgcagctc cgattttatt cgcatccttg tgatcttcte tggaatgttce 600
cttgttttca ccectggcegg ggeccctgtte ctccatcaac gaaggaaata tagatcaaac 660
aaaggagaaa gtcctgtgga gcctgcagag ccttgtegtt acagctgccce cagggaggag 720
gagggcagca ccatccccat ccaggaggat taccgaaaac cggagcctge ctgctecccc 780
aggagtaaga ggagcaggct cctgcacagt gactacatga acatgactcc ccgecgccce 840
gggcccacce gcaagcatta ccagccctat geccccaccac gcecgacttege agectatcege 900
tccagagtga agttcagcag gagcgcagac gcccccgegt accagcaggg ccagaaccag 960

ctctataacg agctcaatct aggacgaaga gaggagtacg atgttttgga caagagacgt 1020
ggcegggace ctgagatggg gggaaagccg agaaggaaga accctcagga aggectgtac 1080
aatgaactgc agaaagataa gatggcggag gectacagtyg agattgggat gaaaggcgag 1140
cgecggaggg gcaaggggca cgatggectt taccagggte tcagtacage caccaaggac 1200
acctacgacg cccttcacat gcaggccctg cccecteget aa 1242
<210> SEQ ID NO 19

<211> LENGTH: 1260

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 19

atggcacgge cacatcectg gtggetgtge gttetgggga cectggtggg getctcaget 60
actccagece ccaagagetg cccagagagg cactactggg ctcagggaaa getgtgetge 120
cagatgtgtyg agccaggaac attcctegtg aaggactgtg accagcatag aaaggcetget 180
cagtgtgatc cttgcatacce gggggtctee ttetetectg accaccacac ccggecccac 240
tgtgagagct gtcggecactg taactctggt cttetegtte gecaactgcac catcactgece 300
aatgctgagt gtgcctgteg caatggetgg cagtgcaggg acaaggagtyg caccgagtgt 360
gatcctette caaaccctte getgaccget cggtegtete aggccctgag cccacaccct 420
cagcccacce acttacctta tgtcagtgag atgectggagg ccaggacage tgggcacatg 480
cagactctgg ctgacttcag gcagetgect geccggacte tetctaccca ctggecacece 540
caaagatcce tgtgcagete cgattttatt cgeatcettg tgatcttete tggaatgtte 600
cttgttttca cecctggecgg ggccctgtte ctecatcaac gaaggaaata tagatcaaac 660
aaaggagaaa gtcctgtgga gectgeagag ccttgtegtt acagetgece cagggaggag 720
gagggcagca ccatccccat ccaggaggat taccgaaaac cggagectge ctgeteccec 780
cgtttetetyg ttgttaaacyg gggcagaaag aagctcctgt atatattcaa acaaccattt 840
atgagaccag tacaaactac tcaagaggaa gatggctgta getgcegatt tccagaagaa 900
gaagaaggag gatgtgaact gagagtgaag ttcagcagga gcgcagacgce ccecgegtac 960

cagcagggcece agaaccagct ctataacgag ctcaatctag gacgaagaga ggagtacgat 1020

gttttggaca agagacgtgg ccgggaccct gagatggggg gaaagccgag aaggaagaac 1080

cctcaggaag gectgtacaa tgaactgecag aaagataaga tggeggagge ctacagtgag 1140

attgggatga aaggcgagceg ccggagggge aaggggcacg atggecttta ccagggtcete 1200

agtacagcca ccaaggacac ctacgacgcce cttcacatge aggecctgee ccctegetaa 1260
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<210> SEQ ID NO 20
<211> LENGTH: 1383
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 20
atggcacgge cacatccctg gtggetgtge gttetgggga cectggtggyg getctcaget 60
actccagcce ccaagagcetg cccagagagg cactactggg ctcagggaaa gctgtgetge 120
cagatgtgtg agccaggaac attcctegtg aaggactgtyg accagcatag aaaggctgcet 180
cagtgtgatc cttgcatacc gggggtctece ttetctectyg accaccacac ccggecccac 240
tgtgagagct gtcggcactg taactctggt cttectegtte gcaactgcac catcactgee 300
aatgctgagt gtgcctgtceg caatggetgg cagtgcaggyg acaaggagtyg caccgagtgt 360
gatcctette caaaccctte gctgaccget cggtegtete aggccctgag cccacaccct 420
cagceccacce acttacctta tgtcagtgag atgetggagyg ccaggacage tgggcacatg 480
cagactctgg ctgacttcag gcagctgect geccggacte tcetctaccca ctggecacce 540
caaagatcce tgtgcagetce cgattttatt cgecatccttyg tgatcttete tggaatgtte 600
cttgtttteca ccctggecgg ggccctgtte ctecatcaac gaaggaaata tagatcaaac 660
aaaggagaaa gtcctgtgga gectgcagag cettgtegtt acagetgece cagggaggag 720
gagggcagca ccatccccat ccaggaggat taccgaaaac cggagcectgce ctgctccccce 780
aggagtaaga ggagcaggct cctgcacagt gactacatga acatgactcce ccgecgecce 840
gggeccacee gcaagcatta ccagecctat gecccaccac gegacttege agectatege 900
tceegtttet ctgttgttaa acggggcaga aagaagctece tgtatatatt caaacaacca 960
tttatgagac cagtacaaac tactcaagag gaagatggct gtagctgccg atttccagaa 1020
gaagaagaag gaggatgtga actgagagtg aagttcagca ggagcgcaga cgcccccgeg 1080
taccagcagg gccagaacca gctctataac gagctcaate taggacgaag agaggagtac 1140
gatgttttgyg acaagagacg tggccgggac cctgagatgg ggggaaagcece gagaaggaag 1200
aaccctcagg aaggcectgta caatgaactg cagaaagata agatggcgga ggcctacagt 1260
gagattggga tgaaaggcga gcgcecggagg ggcaagggge acgatggect ttaccagggt 1320
ctcagtacag ccaccaagga cacctacgac geccttcaca tgcaggccect gcccectege 1380
taa 1383
<210> SEQ ID NO 21
<211> LENGTH: 188
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 21
Met Ala Arg Pro His Pro Trp Trp Leu Cys Val Leu Gly Thr Leu Val
1 5 10 15
Gly Leu Ser Ala Thr Pro Ala Pro Lys Ser Cys Pro Glu Arg His Tyr
20 25 30
Trp Ala Gln Gly Lys Leu Cys Cys Gln Met Cys Glu Pro Gly Thr Phe
35 40 45
Leu Val Lys Asp Cys Asp Gln His Arg Lys Ala Ala Gln Cys Asp Pro
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50 55 60

Cys Ile Pro Gly Val Ser Phe Ser Pro Asp His His Thr Arg Pro His
65 70 75 80

Cys Glu Ser Cys Arg His Cys Asn Ser Gly Leu Leu Val Arg Asn Cys
85 90 95

Thr Ile Thr Ala Asn Ala Glu Cys Ala Cys Arg Asn Gly Trp Gln Cys
100 105 110

Arg Asp Lys Glu Cys Thr Glu Cys Asp Pro Leu Pro Asn Pro Ser Leu
115 120 125

Thr Ala Arg Ser Ser Gln Ala Leu Ser Pro His Pro Gln Pro Thr His
130 135 140

Leu Pro Tyr Val Ser Glu Met Leu Glu Ala Arg Thr Ala Gly His Met
145 150 155 160

Gln Thr Leu Ala Asp Phe Arg Gln Leu Pro Ala Arg Thr Leu Ser Thr
165 170 175

His Trp Pro Pro Gln Arg Ser Leu Cys Ser Ser Asp
180 185

<210> SEQ ID NO 22

<211> LENGTH: 23

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 22

Phe Ile Arg Ile Leu Val Ile Phe Ser Gly Met Phe Leu Val Phe Thr
1 5 10 15

Leu Ala Gly Ala Leu Phe Leu
20

<210> SEQ ID NO 23

<211> LENGTH: 49

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 23

His Gln Arg Arg Lys Tyr Arg Ser Asn Lys Gly Glu Ser Pro Val Glu
1 5 10 15

Pro Ala Glu Pro Cys Arg Tyr Ser Cys Pro Arg Glu Glu Glu Gly Ser
20 25 30

Thr Ile Pro Ile Gln Glu Asp Tyr Arg Lys Pro Glu Pro Ala Cys Ser
35 40 45

Pro

<210> SEQ ID NO 24

<211> LENGTH: 1092

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 24

atggcatgge cacctcecta ctggetetge atgetgggga cettggtagg actctcaget 60
accctagecce caaacagetg tccagacaaa cactactgga ctgggggagg actctgetge 120
cggatgtgtyg agccaggtac attctttgtg aaggactgtg aacaagacag aacagctgcet 180

cagtgtgatc cctgtatace aggcacctee ttetetecag actaccacac ccggecccac 240
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tgcgagagcet gcaggcattg taactctggt tttcettatee gcaactgcac agtcactgece 300
aatgctgagt gcagcetgttc caagaactgg cagtgcaggyg accaggaatyg tacagagtgt 360
gaccctecte taaaccctge actgaccaga cagccatctg agacccecgag cccacageca 420
ccacccacce acttacctca tggcacagag aagccatcct ggeccctaca caggcagett 480
cccaactcega ctgtctatag ccageggtca teccatagac ccectgtgcag ctceggactge 540
atccggatct ttgtgacctt ctceccagcatg tttettatet tegtectggg tgcaatcettg 600
ttcttecate aaagaagaaa ccacgggceca aatgaagacce ggcaggcagt gcctgaagag 660
cettgtectt acagetgcce cagggaagag gagggcagtyg ctatccctat ccaggaggac 720
taccggaaac ccgagectge tttctaccct agagcaaaat tcagcaggag tgcagagact 780
gctgcecaace tgcaggacce caaccagcetce tacaatgage tcaatctagg gcgaagagag 840
gaatatgacyg tcttggagaa gaagcgggct cgcgatccag agatgggagg caaacagcag 900
aggaggagga acccccagga aggcgtatac aatgcactge agaaagacaa gatggcagaa 960

gectacagtyg agatcggcac aaaaggcgag aggcggagag gcaaggggca cgatggectt 1020
taccagggtc tcagcactgc caccaaggac acctatgatg ccctgcatat gcagaccctg 1080
gccecteget aa 1092
<210> SEQ ID NO 25

<211> LENGTH: 363

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 25

Met Ala Trp Pro Pro Pro Tyr Trp Leu Cys Met Leu Gly Thr Leu Val
1 5 10 15

Gly Leu Ser Ala Thr Leu Ala Pro Asn Ser Cys Pro Asp Lys His Tyr
Trp Thr Gly Gly Gly Leu Cys Cys Arg Met Cys Glu Pro Gly Thr Phe
35 40 45

Phe Val Lys Asp Cys Glu Gln Asp Arg Thr Ala Ala Gln Cys Asp Pro
50 55 60

Cys Ile Pro Gly Thr Ser Phe Ser Pro Asp Tyr His Thr Arg Pro His
65 70 75 80

Cys Glu Ser Cys Arg His Cys Asn Ser Gly Phe Leu Ile Arg Asn Cys

Thr Val Thr Ala Asn Ala Glu Cys Ser Cys Ser Lys Asn Trp Gln Cys
100 105 110

Arg Asp Gln Glu Cys Thr Glu Cys Asp Pro Pro Leu Asn Pro Ala Leu
115 120 125

Thr Arg Gln Pro Ser Glu Thr Pro Ser Pro Gln Pro Pro Pro Thr His
130 135 140

Leu Pro His Gly Thr Glu Lys Pro Ser Trp Pro Leu His Arg Gln Leu
145 150 155 160

Pro Asn Ser Thr Val Tyr Ser Gln Arg Ser Ser His Arg Pro Leu Cys
165 170 175

Ser Ser Asp Cys Ile Arg Ile Phe Val Thr Phe Ser Ser Met Phe Leu
180 185 190
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Ile Phe Val Leu Gly Ala Ile Leu Phe Phe His Gln Arg Arg Asn His
195 200 205

Gly Pro Asn Glu Asp Arg Gln Ala Val Pro Glu Glu Pro Cys Pro Tyr
210 215 220

Ser Cys Pro Arg Glu Glu Glu Gly Ser Ala Ile Pro Ile Gln Glu Asp
225 230 235 240

Tyr Arg Lys Pro Glu Pro Ala Phe Tyr Pro Arg Ala Lys Phe Ser Arg
245 250 255

Ser Ala Glu Thr Ala Ala Asn Leu Gln Asp Pro Asn Gln Leu Tyr Asn
260 265 270

Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr Asp Val Leu Glu Lys Lys
275 280 285

Arg Ala Arg Asp Pro Glu Met Gly Gly Lys Gln Gln Arg Arg Arg Asn
290 295 300

Pro Gln Glu Gly Val Tyr Asn Ala Leu Gln Lys Asp Lys Met Ala Glu
305 310 315 320

Ala Tyr Ser Glu Ile Gly Thr Lys Gly Glu Arg Arg Arg Gly Lys Gly
325 330 335

His Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala Thr Lys Asp Thr Tyr
340 345 350

Asp Ala Leu His Met Gln Thr Leu Ala Pro Arg
355 360

<210> SEQ ID NO 26

<211> LENGTH: 250

<212> TYPE: PRT

<213> ORGANISM: Mus musculus
<400> SEQUENCE: 26

Met Ala Trp Pro Pro Pro Tyr Trp Leu Cys Met Leu Gly Thr Leu Val
1 5 10 15

Gly Leu Ser Ala Thr Leu Ala Pro Asn Ser Cys Pro Asp Lys His Tyr
Trp Thr Gly Gly Gly Leu Cys Cys Arg Met Cys Glu Pro Gly Thr Phe
35 40 45

Phe Val Lys Asp Cys Glu Gln Asp Arg Thr Ala Ala Gln Cys Asp Pro
50 55 60

Cys Ile Pro Gly Thr Ser Phe Ser Pro Asp Tyr His Thr Arg Pro His
65 70 75 80

Cys Glu Ser Cys Arg His Cys Asn Ser Gly Phe Leu Ile Arg Asn Cys
85 90 95

Thr Val Thr Ala Asn Ala Glu Cys Ser Cys Ser Lys Asn Trp Gln Cys
100 105 110

Arg Asp Gln Glu Cys Thr Glu Cys Asp Pro Pro Leu Asn Pro Ala Leu
115 120 125

Thr Arg Gln Pro Ser Glu Thr Pro Ser Pro Gln Pro Pro Pro Thr His
130 135 140

Leu Pro His Gly Thr Glu Lys Pro Ser Trp Pro Leu His Arg Gln Leu
145 150 155 160

Pro Asn Ser Thr Val Tyr Ser Gln Arg Ser Ser His Arg Pro Leu Cys
165 170 175

Ser Ser Asp Cys Ile Arg Ile Phe Val Thr Phe Ser Ser Met Phe Leu
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180 185

Ile Phe Val

195

Ala Ile Leu Phe Phe His Gln

200

Leu Gly Arg

205
Glu Gln
215

Ala Val Glu Glu

220

Pro Asn Pro Pro

210

Gly Asp Arg

Glu Glu

230

Glu Ala Ile

235

Ser Pro Ser Pro Ile

225

Cys Arg Gly

Glu
245

Ala Phe Pro

250

Tyr Arg Lys Pro Pro Tyr

<210>
<211>
<212>
<213>

SEQ ID NO 27
LENGTH: 113
TYPE: PRT
ORGANISM: Mus musculus

<400> SEQUENCE: 27

Ala Glu Thr

10

Arg Ala Lys Phe Ala Ala

1

Ser Arg Ser Asn

Gln Glu Asn Leu

25

Leu Asn Leu

20

Pro Asn Tyr Gly Arg Arg

Val Glu Ala

40

Glu Met

45

Leu Pro

35

Asp Lys Lys Arg Arg Asp

Gln Gln Arg Arg Arg Asn Pro Gln Glu Gly Val Tyr Asn

60
Met

Ala Glu

70

Ala Glu Ile

75

Lys Ser Thr

65

Asp Lys Tyr Gly

Leu Gln

90

Arg Arg Arg Gly Lys His

85

Gly Asp Gly Tyr Gly

Ala Thr Thr Ala Leu His Met Gln Thr

105

Lys Asp

100

Tyr Asp

Arg

190

Arg

Cys

Gln

Leu

Glu

30

Gly

Ala

Lys

Leu

Leu
110

Asn His

Pro Tyr

Glu Asp

240

Gln
15

Asp
Glu Tyr
Gly Lys
Gln

Leu

Glu
80

Gly

Ser Thr

95

Ala Pro

1. A chimeric antigen receptor (CAR) having antigenic
specificity for CD70, the CAR comprising:

an antigen binding-transmembrane domain comprising a
CD27 amino acid sequence lacking all or a portion of
the CD27 intracellular T cell signaling domain, wherein
the portion is at least amino acid residues 237 to 260 as
defined by SEQ ID NO: 2;

a 4-1BB intracellular T cell signaling domain;
a CD3 T intracellular T cell signaling domain; and
optionally, a CD28 intracellular T cell signaling domain.

2. The CAR according to claim 1, comprising a 4-1BB
intracellular T cell signaling domain, a CD3 € intracellular
T cell signaling domain, and a CD28 intracellular T cell
signaling domain.

3. The CAR according to claim 1, comprising a 4-1BB
intracellular T cell signaling domain and a CD3 ¢ intracel-
Iular T cell signaling domain.

4. The CAR according to claim 1, wherein the CD28
intracellular T cell signaling domain comprises an amino
acid sequence at least about 90% identical to SEQ ID NO:
6.

5. The CAR according to claim 1, wherein the 4-1BB
intracellular T cell signaling domain comprises an amino
acid sequence at least about 90% identical to SEQ ID NO:
5.

6. The CAR according to claim 1, wherein the CD3g
intracellular T cell signaling domain comprises an amino
acid sequence at least about 90% identical to SEQ ID NO:
4.

7. The CAR according to claim 1, wherein the antigen
binding-transmembrane domain comprises a CD27 amino
acid sequence lacking all of the CD27 intracellular T cell
signaling domain.

8. The CAR according to claim 1, wherein the CD27
antigen binding-transmembrane domain comprises an amino
acid sequence at least about 90% identical to SEQ ID NO:
3.

9. The CAR according to claim 1 comprising an amino
acid sequence at least about 90% identical to any one of SEQ
ID NOs: 8-10.

10. A CAR having antigenic specificity for CD70 com-
prising an amino acid sequence at least about 90% identical
to any one of SEQ ID NOs: 11-13.

11. The CAR of claim 9 comprising the amino acid
sequence of any one of SEQ ID NOs: 8-13.



US 2018/0208671 Al Jul. 26,2018
36

12. A nucleic acid comprising a nucleotide sequence
encoding the CAR according to claim 1.
13. The nucleic acid according to claim 12, comprising
the nucleotide sequence of any one of SEQ ID NOs: 16, 17,
19, and 20.
14. A recombinant expression vector comprising the
nucleic acid of claim 13.
15. An isolated host cell comprising the recombinant
expression vector of claim 14.
16. A population of cells comprising at least one host cell
of claim 15.
17. A pharmaceutical composition comprising the CAR of
claim 1 and a pharmaceutically acceptable carrier.
18. A method of detecting the presence of cancer in a
mammal, the method comprising:
(a) contacting a sample comprising one or more cells from
the mammal with the CAR of claim 1, thereby forming
a complex, and

(b) detecting the complex, wherein detection of the com-
plex is indicative of the presence of cancer in the
mammal.

19. (canceled)

20. A method of treating or preventing cancer in a
mammal, the method comprising administering to the mam-
mal the population of cells of claim 16 to the mammal in an
amount effective to treat or prevent cancer in the mammal.
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